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UniTKI) StATKS DkI'ARTMKNT of AtilUCUI.TUUK, 

Division ov AGROSTonHiv, 
Wanhington, D. €., June 15, I'JOl. 
Sir: I have the honor to tiiinsmit herewith the manuscript of a 
report on the "Field Work of the Division of Agrostology," by Cor- 
nelius Ij, Shear, assistant in this Division in charge of seed and field 
work, and to recommend its publication as Bulletin No. 35 of this 
Division. This report is a comprehensive statement of the woik done 
in the field by the Division of Agrostology sintie its organization July 
1, IS'.*5, togethei' with a summary of the results accomplished in the 
way of new discoveries and the development of useful species of 
grasses and foi-age plants. 

Kespectfully, F. Lamson-Sokimnkk, 

Agrostol-ngixt. 
Hon. -Iamks Wilson, 

Si-rivf'/iy I'f A(fr!.viiJ,tur<i. 
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FIELD WORK OF THE DIVISION OF AGROSTOLOGY: A REVIEW 

AND SUMMARY OF THE WORK DONE SINCE THE 

ORGANIZATION OF THE DIVISION, 

JULY 1, 1895. 



nrTBODTTCTION. 

The Division of Agrostology was establtHhed by Congress in 1895 
for the pui-pose of investigating the various problems relating to the 
grasses and forage plants of the United States. Progressive farmers, 
stockmen, and dairymen had for some time recognized that there was 
urgent need of a thorough study of the various foi-age problems which 
were presenting themselves in different parts of the country. Conse- 
quently the then Secretary of Agriculture, Hon. J. Sterling Morton, 
recommended to Congress that a separate Division be established to 
take charge of and prosecute the work.. The rapidly deteriorating con- 
dition of the native meadows and ranges of the great West naturally 
led the stockmen to inquire into the reasons for these conditions, and to 
try to ascertain what steps might be taken to improve them. The very 
rapid development of the stock-growing industry in the West, which 
immediately followed the building of the tmnscontinental railroads, 
brought about increasing competition for the use of the grazing lands, 
and under the mistaken impression that the abundant forage at first 
found was practically inexhaustible, together with the effort on the 
part of each to secure as much advantage as possible fi-om the "free 
grass," great Injury naturally i-esulted to the gi-azing lands. 

The stock-growing' industry is one of great impoi-tance and one that 
should be carefully fostered. The vast areas of land tliroughout the 
We.stern States and Territories, which are at present unavailable for 
general agricultural purposes, and the greater part of which probably 
never will be available for such use on a*K;ount of the insuffioient 
water supply, should be properly controlled so as to conserve their 
' usefulness, ' 

Of the unoccupied public lands about 365,400,000 acres are i-egarded 
at pi-esent as fit.only for grazing pui'poses. Thei'c are, in addition, 
124,300,000 acres of forest land, the greater portion of which is also 
used for grazing. The various evils arising from overstocking and 

9 
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10 FIELD WORK OF DIVISION OF AGROSTOLOGY. 

denuding extensive areas of grazing and timber lands bear aiu^h a 
direct relation to the general welfare of the whole West that it is 
incumbent upon the (ieneral Government to make a thorough investi- 
gation of all the questions involved and if possible devise some means 
of I'emedying the present conditions. The relation of thegrazing indus- 
try to forest reseives, to the water supply, to erosion, and the various 
other matters to which it more or leas directly relates can not be 
solved except by long and careful investigation of the actual facts and 
conditions prevailing. While the pi-oblems presented by the v.ast semi- 
arid grazing regions of the West seemed most urgent, thci*e were also 
important questions in the other portions of the country pressing for 
solution. The questions involved required, fii'st of all, a thorough 
and accurate knowledge of the actual facts and conditions existing. 
Thus, field work was commenced as soon as the Division was estab- 
lished in order that the necessary data might \w. secured as a basis for 
future work and recommendations. 

PERSONS ENOAOED ANX> TERBITORT' COVEBED. 

The field woi'k of the Division has l>een carried on by different mem- 
bei-s of the regular office force and by special agents employed for 
certain [Miriods during the-summer season. Twenty-seven persona in 
all have been engaged at different times in the work. Tlie following 
is a list of those who have done field work, with the names of the 
States or Territoi'itw in which such work has been done: 
C. K. BhII, 1A9S, ItHK), 1901 Alabama, I»iiisiana,, MiHHui«i|>iii, South Carolina. 

E. A. Bewsey, 1898 - Colorado. 

M. A. Brannon, ISWi North Dakota. 

Edw. R. Chase, 1895 Ulah. 

F. E. t^lpnuiiitf, 18f«i Colorado. 

B. OombB, 1898 Florida. 

3. B. Davy, 1899 California. 

C. J. Klm'ore, 1896 Nebraska. 

C. C, (JTOryicHon, 1K9« TexaM. 

David Griffiths, 1896-117 Arizona, Montana, South Dakota, Wyoming. 

T. II. Kearney, 18t»5 Alabama, Florida, (ieortfia.LouiBiana, Maryland, 

Mississippi, Nortli Carolina, South Carolina, 

Tennessee, Vii^nia, 

Emil F. Laiigc, 1900 Montana. 

A. R. T>^kunhy, 1898-HtOO WaahingUm, Oregon. 

E. D. Merrill, 1900 Idaho, Minnesota, Montana, Wiw^onsin, Wyo- 

Aven Nelwm, 1897 Wyoming. 

EiiaaNelwn, IPOO Wyoming. 

C. R. Oniutt, 1896 .Arizona, California, New Mexico, Texas. 

L. H, Painmel, 1896 Colorado, Iowa, Nebraska, South Dakota, Wyo- 

P. A. Rydlicrg, 1895-96 Colora<lo,Idabo,Montana,Nebra8ka,Utab,Wyo- 
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PERSONS ENGAGED AND TERRITORY COVERED. 11 

F. J^inBon-S<:ribiier, ISWi-lHOO California, Florida, Idaho, Maine, Maa?Bchusutls, 

Mich^n, Oregon, Roiith Carolina, Washing- 
ton, Wyoming. 

A. Ijamson-Scribner, 1900 - Floriila, Maaeachusetts, Oregon, Washington. 

C. Ij. Shear, 189.'>-lil01 _ Arizona, California, Colorado, Idaho, Kansas, 

Maryland, Montana, Nebraska, New Mexico, 
Oregon, Texas, Utah, Washington, Wyoming. 

J. G. Hinilh, IMWWIKHS Colonuio, Iowa, Kansas, Louisiana, MiBsissippi, 

Missouri, Nebraska, New Mexico, Scnith Da- 
kota, Tennessee, Texas. 

Williiiin Shear, 1900 Colorado. 

S. M. Tra<!y, IS97 Alabama, Florida, (icorgia, l^iiiisiana, Missis- 
sippi, Texas. 

E. N. Wikox, 1897 South Dakota. 

T. A. Willianid, 189«-1900 Arizona, Arkansas, Coloraiio, Oonmtcljeut, 

Idaho, Maryland, Minnesota, Missouri, Mon- 
lana, New Jersey, New Mexi<», New York, 
North Dakota, Ohio, South Dakota, Texas, 
Utah, Vir^nia, Washington, Wyomini;. 

It will be observed from thia liat that the greatest amount of work 
ba.<i been done in the South, on the (Jreat Plains, and in the Rocky 
Mountain region. The work in these regions wa» naturally undertaken 
first on account of our insufficient knowledge of the forage plants and 
conditions and on account of the gr*iat importance of the forage problems 
in these regions. 

FBEVIOITS INVESTIGATIONS. 

At the beginning of the investigations by the Division exact knowl- 
edge of the grasses and forage plants of the greater part of the range 
lands of the country west of the Mississippi- Rivov was very limited. 
Some field work had been done in certain portions of the West under 
the direction of Dr. George Vasey, former botanist of the Department 
of Agriculture. The various Government surveying paities had made 
collections of more or less importance at various places, and a fow 
private collectors had also done considerable work in this direction.' 
The greater part of this work, however, had been devoted to the col- 
lection of the plants found, without giving sjwcial attimtion to the rela- 
tive value and importance of the species as for^e. 



While the purely botanical explorations of this part of the country- 
had afforded material for a catalogue of most of our grasses, yet verj' 
little was known of their distribution, abundance, and relative I'alue 
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ly FIELD WORK OF DIVISION OF AGROSTOLOGY. 

foi" forage pm-posea. It was quite essential that aceui-ate knowledge 
should be secured in regard to these mattei's and that field investiga- 
tions should be undertaken with this particular end in vieiv. Conflict- 
ing accounts had been received from stockmen and ranchmen with 
regard to the different grasses, their value, abundance, and distribu- 
tion. Unfortunately reports from «uch sources can not always be 
relied upon, as the parties making them have rarely had sufficient 
training in accui-ate observation and comparison of plants to arrive at 
correct conclusions. The grasses ai-e so numerous and the charact«r- 
isties distinguishing the species are in many cases so inconspicuous 
that only the trained agrostologist can distinguish them. Another 
liability to confusion I'esults from lack of uniformity in the application 
of the common names of grasses. 

Another question of great importance was the a<^tual con<lition of 
the pasture and range lands and the causes which have led to their 
present condition. The conditions vary greatly in different places, so 
that only by actual inspection of the greater portion of the i-ange lands 
could a just estimate be made. The fact that, as a geneiul thing, the 
mnges were Incoming imjmired was generally admitted, but to just 
what extent, and as a result of what causes, it was very important 
to accurately ascertain. Som** were disposed to at^count for it largely 
on the supposition that there was less annual precipitation than for- 
merly. The validity of this statement was easily determined, however, 
by reference to the Weather Bureau records, which, though in some 
cases not extending over a sufficient number of years to de,tennino the 
question with absolute cei-tainty, yet were sufficient to indicate that 
there was not enough, if any, decrease in the avei-age rainfall to account 
for the great deterioration of the range lands. The effectiveness of 
the rainfall, however, is much less at piesent than formerly, but this is 
the result of the present condition of the ranges lather than ite cause, 
and involves the question of the effect of overgrazing upon the con- 
servation of the water supply and upon erosion — questions of great 
importance, which demand careful and thorough investigation. 
Whereas overgrazing was generally admitted to be the fundamental 
cause of most of the trouble, it was important to learn exactly to what 
extent the ranges were being overstocked and the exact manner in 
which the resulting injury occurs. 

Field workers were instructed to make a thorough investigation of 
all the matters above referred to by a careful examination of the ranges 
and meadows and also by inquiry from stockmen and ranchmen. They 
were also instructed to make collections of all the native grasses 
and forage plants with full notes regarding their forage value, 
abundance, past and present distribution, and also to collect seeds of 
all the valuable species, particularly those giving indications of use- 
fulness under cultivation. In cases where seed could not be secured 



a pholo^mph by F. Lmaewn-ScTlbner 



FlQ. 2.— View at Cape Cod, Mass., showino Sand Drifts buhvinq Forest Trees. 
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A pholoffraph by F. L^ni^on 



Fig. 2,— Planting Beach Grass IAmmophila arenariai at Cape Cod, Mass. 
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Fig, 2.— Bermuda Ghass, 
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ATLANTIC COAST. 18 

roots were obtained for transplanting^ in order that a careful study of 
the plants might be made under cultivation to dcnionatiute if possible 
the practicability of their general use. 

KEVIEW OF THE FtELD WOltK BT REGIONS. 

ATLANTIC COAST. 

Besides forage problems the Division was cfcarged with the investi- 
^tion of gi-assea as soil and .sand binders. The extensive areas of 
shifting sands along the Atlantic coast have for many years atti-acted 
attention and led to efforts to devise some means of holding them. 
Besides the interference with navigation frequenty caused by the shift- 
ing of these sands there is a continual destruction of the agricultural 
lands bordering the coast by the gradual encroachment of the drifting 
sand. Investigations along this line have been made on the coast 
near Provincetown, Mass. on Cape Cod, where there are extensive 
areas of shifting sands, and experiments in growing and transplanting 
sand-binding grasses have been carried on (PI. I). The beach grass 
{AvimopkUa arejiaria) which is native along the Atlantic coast has 
been very useful in preventing the drifting of the sand and has been 
transplanted over quite extensive areas on Cape Cod under the author- 
ity of the State of Massachusetts (PI. II). Investigation of the native 
sand-binding gi-asses has also been made at various other points along 
the Atlantic coast, and it has been found that there are a number of 
very valuable native grasses which act as sand binders. Besides the 
beach grass, which is not indigenous south of Virginia, there is the 
sand rye-gi-ass (£.lyimts arenarlus)^ occurring from Massachusetts 
northward: the bitter panic {Panlcmn amaruvi), extending from Con- 
necticut south along the Atlantic and Gulf coast, and sea oats ( Uniola 
panieulata), another important sand binder occurring from Virginia 
southward and along the (lulf coast. Experiments have demonstrated 
that these gi-asses can be readily transplanted and very successfully 
used in preventing the drifting of the sands. Besides the transplanting 
of roots of sand-binding grasses large quantities of seed, especially of 
the beach grass, have been secured from Provincetown, Mass., for 
distribution and trial at various points, not only along the seacoast but 
also along the shores of the Great Lakes where similar trouble is 
caused by the shifting sand. The Chief of the Division has investi- 
gated the question of sand binders at several points on the Maine 
coast; at Cape Cod, Massachusetts, and also in the vicinity of Charles- 
ton, S. C, and Savannah, Ga., where, at the. request of the War 
Department, experiments were undertaken in preventing the shifting 
of sand in the vicinity of the fortitications. 

Mr. Allen Scribner did field work on Cape Cod, collecting a large 
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quantity of beach-grass seed as well as a considei-able nuinbei' of roots 
for transplaiiting- 

Mr. T. A. Williams, lat« assistant chief of the Division, did work 
in the vicinity of Norfolk, Va., securing aeeda and roots of the bitter 
panic grass and a closely related species, which was considered new, 
and has been described in Circular No. 29 of this Division as Panicum 
amaroldes, Scribn, & Merrill. 

Ml', T. H. Kearney, formerly an assistant in the Division, also did 
field work at Norfolk, Va.; Wibuington, N. C, and Savannah and 
Augusta, Ga. 

The quejjtion of the restoi-ation of worn-out meadows and pasture 
lands is one of considei'able importance in the Atlantic coast region, 
and particularly so in the New England States. Field studies of this 
question have been made by the Chief of the Division in Maine and 
Massachusetts, and experimental work looking toward the solution of 
this pi-oblem has been already arranged with the New Hampshire 
Experiment Station. 

No scpai-at*; publication giving the i-esult« of the field work done 
along the Atlantic coast has been issued. Much of the matter con- 
tained in Professor Scribner's Yearbook article for 1894 on "Gra.sses 
as sand and soil binders" was the result of this work, and also the 
article on "Sand-binding gi-assas" by the same author in the Year- 
book for 1898. Bulletin No. 1 of the Division contains the results of 
Mr, Kearney's work in this region. An alphabetical and systematic 
list of the giuiises and forage plants found is given with notes upon 
their habitat, habit of growth, distribution, abundance, and economic 
value. 



'[Tie fomge pi-oblems in the (julf States are very numerous and 
varied. Their great importance was early recognized, and investiga- 
tions commenced immediately after the organization of the Division. 
The long continued cultivation of single crops, especially cotton, had 
gieatly impoverished the soil and led the moi'e progressive plantei's to 
see the necessity of adopting a more diversified system of agriculture. 
Until quite recently a considerable portion of the hay consumed in the 
Gulf States was imported from other localities, and it was commonly 
believed that good pastures and meadows could not be made in that 
region. The great diversity of soiFs and climatic conditions, together 
with the presence of between 300 and 400 speciesof native glasses found 
growing in these States, naturally suggested the belief that the com- 
monly accepted view regarding the foi-age possibilities of this region 
was erroneous. The great abundance of native grasses indicates that 
the South is natui-ally a gmss producing country, and that consideiuble 



Texas Blue Gbass (Poa ahacmnifera). A native Species valuable for the Gulf 
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areas may be profitably devoted to meadow and pasture purposes. 
It was desirable at first to find what these native grasses were, the soil 
and climatic conditions under which they flourish, and the foi-age value 
of each, as well as the special pmposes to which they wei-e adapted. 
There was also the question of the introduction of various cultivated 
grasses and forage plants, and the testing of their adaptability and 
value. 

The climate of this region is so favorable to the giowth of gi-asses 
and foi-age plants that by proper succession pasture can be secured 
during the whole year, hence it was very desimble to ascei'tain what 
plants were best adapted to each season, and what the most profitable 
succession of seeding might be. Another quastion of gi-eat impor- 
tance was the best method of improving and restoring the worn-out 
soils by the cultivation of the various leguminous foi'age plants, such 
as cowpeas, soy beans (PL III, fig. 1), and clovei's, which, while pro- 
ducing large crops of hay or green forage, at the same time impi-ove 
the chemical and mechanical condition of the soil and act as fertilizers. 



An investigation of these various problems was begun by tlic Divi- 
sion immediately after its organization and has been continued every 
season since. The fii-st work was done by Mr. Kearney, who visited 
various places in Alabama, Floi'ida, and Georgia, besides the other 
points mentioned in referring to the field work done in the Atlantic 
coast region. A large collection of the gi-asses and forage plants of 
this region was made. Valuable information was secured by observa- 
tioii and careful field studies and also by interviews with various people 
familiar with the conditions and pi-oblems in question. The great value 
of the native hay and pasture gi-asses was definitely ascertained, as 
well as the possibilities in the way of introduction, cultivation, and 
more geneial use of the "tame" gi-asses and forage plants adapted to 
the various localities. The results of this field work were published 
in Bulletin No. 1 of this Division, t-ntitlcd "Notes on the Gi-asses and 
Foi'age Plantw of the Southeastern States." Notes on the most imijor- 
tant grasses and foi-age plants for various purposes ai-e given, also a 
complete list of all the grasses collected. 

Prof. S. M. Ti-acy, foi-merly diiector of the Mississippi Agricultural 
Experiment Station, who from his long experience in the South and 
careful study of its foi-age problems was especially fitted for the work, 
was engaged to undertake an investigation of the forage conditions 
and questions of the trulf States for this Division. He has done a 
large amount of field work in Georgia, Alabama, Mississippi, Louis- 
iana, and eastern Texas, giving attention to all the various phases of 
the foi-age problems of the region. The results of this work were 
published as Bulletin No. 15 of this Division, entitled " A Report upon 
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the Fomge Plants and Foi-age Resources of the Gulf States." In this 
bulletin a leather thorough discustiioii is given of the various soil con- 
dition.s, natural pastures, formation and care of pastures, temporary 
pastures, winter pastures, and also descriptions of the moie important 
for^e plants, with methods of cultivation and care of soils, and 
extended notes upon the more important hay and pastui'e plants of the 
region. 

Professor Ti-acy, in speaking of the natural pastures, says: 
The natural forage plants vary as widely as the soiIh. Some adapt them^ielves to 
almoet any situatJon and are quite general in their diatributon, while others are 
extremely local. Some become more vigorous and abundant uniler frequent graz- 
ing, while others Boon disappear with any change of enrroundingB. 

In regard to tbe formation of pastures, we may quote the following 
fi-om the same report: 

With a climate favorable to almost continuous {growth and with soil easily worked 
and promptly responding to goal man^iement it is not difficult to secure perina:ient 
pastures of the highest quality, and in onler to obtain the best returns the same 
intelligent care must be used in their uianagement as is given other portions of the 
farm. The beat pastures are those «'hirh contain the greatest variety of plants yielil- 
ing palatable food for stock. These plants should be such as make their greatest 
growth at different aeKsoiis, in order that there may lie a continuous supply. A. por- 
tion of them should be l^umes, both for their superior fattening qualities an<l their 
effect upon the eoil, and as large a proportion as possible should be perennials. 

Carpet grass {Paapahtjn compi'essuin) is excellent for pastures, espe- 
cially on the thin sandy lands along the Gulf coa.st. It is a native and 
tends to spread and inci'ease as the other and coarser grasses are 
destroyed by grazing. Its increase can be materially ha-stened, accord- 
ing to Professor Tracy, by mowing old pastures in July or Augftst, 
when the grass is maturing seed, and scattering the hay thus made 
over the now field. For the more fertile lands Bernmda gtass is most 
valuable (PI. Ill, tig. 3). In speaking of the selection of varieties for 
pasture the following advice is given: 

For the whole of the Gulf States, excepting the sandy soils near the coast, Ber- 
mada grass and Japan clover should be the foundation of every permanent {Kisture. 
On alluvial lands add redtop and alsike clover for the damper lands, with orchard 
graas, sweet clover, and bur clover forthe drier lands. On the uplands, yellow loam, 
and clay sections, orchard grass and bur clover do well on the dry soils, while for 
wet places redtop, larare water grass, and alsike clover should be added. For the 
black prairie regions, Texas blue grass ( PI. I V ) and sweet clover are the best additions. 
On the light soils of the coast region, carpet grass, large water grass, pant beggar weed, 
and mutton cane lai^ly replace the redtop and clover of the more Northern sections. 

The question of the best crops for winter pastures is one of consid- 
erable importance in this region. It has been found that oats, rye 
and barley, and hairy vetch prove the most satisfactory. A mixture 
of turf oats and hairy vetch give especially good results. Rescue 
grass is also valuable for the same puipose. As a hay crop Bermuda 
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grfLna is moat largely uaed. The sod, however, freciuently becomes so 
matted that it should be disk harrowed in oi'dei' to give the grass a 
fresh start. Of the annual bay plants, cowpeas are regarded as the 
most important and best. The large number of varieties, with the 
varying lengths of time required for growth, makes it possible to adapt 
them to various uses, so that they can be grown on land from which 
gi-ain or any early crop has been harvested. The benefit which the 
soil derives from them is also of much impoitance. Crab grass 
{Panicum, sanguinale) is also used very largely for hay. It is a 
volunteer crop, taking possession of fields upon which grain or similar 
ci^ops have been grown, and produces a large amount of excellent hay, 
especialtj' on the richer soils. The hay is of good quality, but needs 
considerable care in curing. German millet, Johnson gi-ass, and red 
clover ai-e also extensively cultivated for hay. Pi-ofessor Tracy's 
report has been in gi-eat demand and has done much to increase the 
knowledge and interest of the fanners of the South in forage ques- 
tions, and has also tended greatly toward the improvement of con- 
ditions. 

Mr. C R. Ball did field work two seasons in Louisiana, making 
especially large and important collections in the northern part of the 
State and investigating a region whose forage problems and conditions 
had not been before carefully studied. His collections and notes have 
added much to our knowledge of this region. The report of these 
investigations has not yet been published, but is in course of prepara- 
tion and will soon be submitted in connection with a complete account 
of all the unpublished i-esults of field work in the Gulf States. 

Mr. Robert Combs, accompanied by Mr. Allen Scribner, spent sev- 
eral months during the summer of 1898 in northern, central, and west- 
ern Florida, making a careful study of the forage resources of that 
State. Large portions of Florida have been found to be particularly 
well adapted to stock i-aising. Over large areas only a very small 
proportion of the land is under cultivation, so that stock have an abun- 
dant range in the woodlands, wheie there is an excellent supply of 
grass and other forage. The growing season being practicallj' contin- 
uous, there is no lack of feed at any time during the year. For this 
reason very little attention has been given to cultivated, foi-age plants. 
As the area of cultivated land increases, however, it will be found nec- 
essary to pay more attention to the establishment of permanent pas- 
tures and meadows, and also to the proper preservation and care of the 
more important native gras.ses and fomge plants. It is very impor- 
tant that these questions should be carefully looked into and the proper 
steps taken before the i-anges reach the serious condition of those in 
some other parts of the country, and it is hoped that the investigations 
which have been undertaken will result in the conservation and proper 
care of the natural forage of this State. A very large collection of 
1^23— No. 25 2 
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the giiiS8&s and foragfi plauts wjis secured, which has iiddcd very 
materially to our knowledge of the native species, their distrthution, 
abundance, and value. The general rchUlta of these field studies have 
not yet been published, but the careful and valuable noU^s secured by 
Messrs, Combs and Seribner will be ineorpoi'ated in the i-eport on the 
Gulf States referred to above. Besides the above-mentioned field 
work in this region, Prof. F. Lamson-ocribner, Chief of the Divi- 
sion, has spent short periods at several points in Florida with espoinal 
reference to the question of sand-binding grasses of the region, and 
has also compiled, from the i-eports of the various field workei's in the 
South, Farmer's Bulletin No. 102, "Southern Forage Plants," which 
treats in a simple and condensed manner the various foiage problems 
and plants of the Soutli, giving directions for formation and eare of 
pastures, describing soiling and fodder crops, and giving a thorough 
account of the more important hay and pasture plants, with descriptions, 
illustrations, methods of cultivation, relative value, etc, of each. 

■niK GltKAT PLAINS. 



The Great Plains region, aj^ limited for the pui-poses of th(! present 
discussion, extends from North Dakota south to Indian Territory and 
west to the foothills of eastern Coloitido, Wyoming, and Montana. 
Though the area under considei-ation includes many million acres, yet 
the gi-asses and forage plants and climatic conditions are very similar 
throughout. The annual precipitation deci"eases over the whole region 
as one goes from the eastern border to the western. In the eastern por- 
tions of Kansas, Nebraska, and the Dakotas the annual precipitation 
averages fi'om 25 to 30 inches. In the western portion of the Great 
Plains the i-ainfall is much less, theannual precipitation averaging fi-om 
10 to 20 inches. In the fii'st half of the last centuiy nearly all of this 
territory was included on the maps of the period under the title of the 
"Great American Desert." As the tide of inmiigi'ation proceeded 
westwai-d and the actual conditions became more definitely known, the 
imaginary borders of this desert were gradually pushed wcstwaixi. 
The very fertile soils of eastern Kansas, Nebi-aska, and the Dak<itas were 
found to pro<luce- abundant crops of wheat, corn, and other cereals, and 
rapid settlement and development of the country immediately followed. 
Attracted by the glowing accounts given by the ejvrly settlers, farmers 
from the East and immigrants from Europe continued to take up land 
and begin the cultivation of the soil. It was soon found by experience 
that while excellent crops were usually certain in the eastern borders 
of this region, the amount of moisture available during the season 
decreases so rapidly as you proceed westward that after passing the 
ninet}' -eighth meridian the production of corn and wheat is a matter 
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of coiisidei-ahie uncertainty. NeverthelesM, influenced very often by 
unsci'upuious persona who were willing to profit by the ignorance on the 
part of the home (leeker of the actual conditions, people continued to take 
up thase lands farther and farther west, in central and western Kan' 
sas and Nebiuska, and break the virgin pi-airie sod with its iuxuiiaut 
growth of native giuases, in hope of growing profitable crops of cereals. 
In thiti, however, they were destined to disappointment. Experience 
has shown that beyond the ninety-eighth meridian profitable crops of 
cereals arc not produced oftener than one to three times in five years, 
so that farming without some means of irrigation can not be nmde a 
financial succeas. 

' Those who possessed sufficient atiumen to appreciate these facts 
turned their attention at once to stock raising; but under the impres- 
sion, appai'ently, that the torage resources of the country were inex- 
haustible, the pastures were overstocked and soon their carrying 
capacity was greatly lessened. When the more progressive stockmen 
began to realize that the native pastures were rapidly deteriomting 
and were threatened with destruction if the same treatment was longer 
continued, they began to make inquiries regarding the matter, wish- 
ing to find some remedy. Many of the people began to gradually 
realize that they had made a serious mistake in breaking these fine 
pasture and meadow lands in a hopeless endeavor to produce paying 
crops of wheat and corn. Thus they >)egan to inijuire as to what could 
be done to put down those cultivated lands to permanent meadows and 
pastures again. As the people turned their attention to stock raising 
and dairying, the question of drought- resistant soiling crops and other 
forage plants which might prove successful also naturally arose. It 
was in response to pressing demands for information along these 
various lines that the Division of Agrostology began immediately 
after its organization to undertake a thorough investigation of the 
different problems referred to. 



Field work was commenced in this i-egion liy Mr. P. A. Rj'dberg 
and the writer. Studies and collections of the grasses and forage 
plants of the Platte River Valley were made at Valley, Central City, 
Kearney, and North Platte, Nebr. Collections of roots, seeds, and 
specimens of the more important native species were collected and 
careful notes made regai"ding the forage valu^, abundance, distribution, 
and importance of each. With the seeds and roots secured, plots in 
the grass garden on the Department grounds at Washington were 
made and an opportunity afforded for studying .the behavior of these 
plants under cultivation. The results of this field work were published 
in Bulletin No, 5 of this Division, entitled "A Report on the Grasses 
and For^c Plants of the Rocky Mountain Region." The major por- 
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tion of the report was devoted to investigations made in the Kocky 
Mountains, the work done in Nebraska being incidental. 

Other field work in Nebraska has been done by Mr. C. J. Elmore, 
Dr. L. H. Paramel, Mr. T. A. Williams, late assistant agroatologist, 
Mr. J. G. Smith, who formerly occupied the same position in the 
Division, and also by the writer. Mr. Elmore did field work during 
a portion of the summer of 1896 in the southwestern part of the State, 
especially in Nemaha and Otoe counties. He devoted especial atten- 
tion to the collection of sheaves of the native grasses and forage plants 
to be used for exhibition purposes by the Division and for distribution 
and exchange to various institutions, particularly the experiment sta- 
tions. In this way a considerable number of specimens were added te 
the herbarium, and duplicates were also secured for distribution and 
exchange. During the same season Dr. L. H. Pammel, under com- 
mission from the Secretary of Agriculture, made a study of the forage 
conditions of western Iowa, Nebraska, and Colorado. The points at 
which work was done were as follows: Ames, Iowa; Omaha, Lincoln, 
Crete, Hastings, and McCook, in Nebi-aska, and also in northern and 
central Oolonido in the vicinity of Fort Morgan, Greeley, Fort Col- 
lins, Golden, Denver, and Colorado Springs. A discussion of the Col- 
orado work will be taken up in connection with the atrcount of the work 
in the Rocky Mountain region. The result*) of Dr. Paiimiel's work 
were published in Bulletin No. 9, entitled, " Notes on the Grasses and 
Fomge Plants of Iowa, Nebraska, and Coloi-adb." 

A quotation from Dr. Pammel's report will give an idea of the sit- 
uation in Iowa: 

The forage question in central Iowa is very different now frinii what it waa fif- 
teen yeara ago. At tliat time coiiHiilerable areas of unbrolien sod still renmined. 
Now the wild prairies have almost ceased to be a factor in the production of hay. 
The extensive pnuriea have given way to cultivated fields and pastures. Small 
unbroken areas occur here and there, but theae are chiefly confined to tlie Hiuall 
' ilraim^ l>aainB between hills, and exist lately because in times of considerable pre- 
cipitation these depreBaionH are too moist for proper cultivation. The Boyer and 
Maple valleys are noted for the large crops of wild hay annually produced. The same 
may be said of the rich alluvial flood plain of the Missouri. This plain varies from a 
few to 15 miles in width, the average being from 8 to 12. The hay crop constitutes 
one of the chief sources of revenue for the farmers of this region, and could be made 
much more important it they would follow a more rational system of cropping. 

The thief hay plants in central Iowa are timothy, redtop, blue grass, and red 
clover. The principal plants used in pastures are blue grass, white clover, reittop, 
and titnothy. In the Boyer and Maple valleys and on the Missouri bottoms the wild 
graces predominate. To a limited extent alfalfa meailows have been started in Cai^ 
roll, Ida, and Woodbury counties. The loess hills skirting the Missouri tottoms are 
mostly cultivated, though unbroken wild meadows and pastures still remain. In 
the eastern portion of this district considerable corn fodder is used as forage, the 
amount used depending lai^ly wpon the condition of the pastures and meadows. 

Many other grasses have been tried with varying success. Orchard grass, natural- 
ized in many places, is one of the most successful. Tall oat grass gives some promise. 
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PerenniHl rye grass in nearly worthless for this neotjonof theState. Italian ryegrass 
is unable to reeiet the cold of oiir winters and ia » complete faihire. Mendow foxtail 
(Alopecunui pralenitui) does fairly well aa an early grass when sown the season before, 
but is hardly adapted to this section.' The most promising of the recently introduced 
grasHes ia smooth or hungarian ^rome. The Bhort-awne<l broriie has also been tried 
and is very promising. Rye anil barley are often used as forage plants. German 
millet and hungarian graas find extended line some seasons. Broom-corn millet is 
frequently sown in northern and northwestern Iowa, 

But one legume is generally grown and that in rcH clover. Mammoth or me<lium 
clover is often sown, but is mnch less <mnmon than the pre<«ding. Alsike clover 
is becoming more <um[nun. Two Hweet clovers are not infrequent; the whitt! sweet 
clover is more abundant than the yellow. Crimson clover has lieen tried repeatedly, 
but IK notodapted to Iowa conditions. It sufiers much from drought in late summer, 
and from insect and fimgous enemies. 

Many native species of grasses occur, and they vary in quantjty and quality in dif- 
ferent sections of tlie State. The dominant grasses of central Iowa are little blue 
stem and big blue stem. Both of these species are frequently calle<f blue joints. 
Several species of Einni'ua are abuntlant, as wild rye, on the prairies and meailows; 
Lyme grass on the flood plains of streams, and Dennett grass along the borders of 
woods. Other common graaees are: Indian bean) grass, or bttshy blue stem, in prai- 
ries an<l open woods; tall grama grass of the dry prairies and gravelly knolls; nod- 
ding fescue in woods; slender fescue in dry sterile soils; Short's fescue in low prairies, 
a most valuable species; swit<;h grass in rather moist meadows; satin grass (Mithlm- 
berifia Tuenntmi, M. diffiaa, M, mUldeiwmii, and -If. mericana) in most soil of open 
woodlands and mea<lowH; swamp chess in open woodlands; fowl meailow grass in 
low grounds along streams; wire grass and squirrel-tail grass (an introduced species) 
in meiulows and waste places; i)lue joint, reed canary grass, common reed grass, and 
floating manna grass in marshy places and shallow water; large rush grass an<l bunch 
grass in dry pnuries. Jn northwestern and western Iowa the above as well as some 
additional species occur. Among the latter are western wheat grass, bearded wheat 
grass, blue grama, slough grass, and big sand grass. 

The most widely distributed of all the native leguminous plants is Canadian rattle- 
weed (A»tra^/dug caimdengis), a thrifty, hardy, and vigorous spei'ies found in woods, 
low meadows, and prairies. It is eaten by stock, but becomes rather wooily when 
old. Buffalo pea, or ground plum, is (rominon on ttry, sterile hills throughout the 
rt^on and affords valuable forage. American vetcli is one of the most valuable of 
the native legumes. It grows in the moist soil of low prairies and open woodlands. 
This vetch is well adapted to the conditions of western and northwestern Iowa, and 
does well under cultivation. The prairie clovers {Pfl(U<i»temonriolaceu»Michx., and 
P. <xaid!ilu» Michx.) are common on the pnuries everywhere, as also on the loess 
soils of western Iowa. These plants are seldom eaten by stock unless forage Is scant. 
Dalea alujMvuroidef'WiWd. is common throughout the loess ret^on and has been intro- 
duced farther eastward. Wild vetch, well known as a valuable for^e plant of the 
Northwert, is indigenous tt) the loess, though not abundtwit exi«pt locally. It has 
h«!n introiluced into Boone County. Running bnflalo clover ( Trifolium Miiltmiffrum 
Muhl.), a native, is citnsidered a valuable forage plant by the farmers of western 
Iowa, and is worthy of a trial under cultivation. Mention shoulit also be made of a 
loco phuit {Oxtitropif Itanberiii Pursh.) native to this region. Though often cou- 
sumed by stock, no <-oniplaints have l>een mmle tliat it produces loco i>oisonii^. 
RattlelMx {VrolalarUi mgilliUiii I,.) occurs in the more sandy bottoms of the Missouri 
River. (\>mplaints tiave freiiuently been made of the trouble it causes when fed to 
horses. Thedisease it produces has been called "crotalism." 

There are some serious obstacles in the way of miuntaining the native tneadows 
anil jiastureB of Iowa. These may l)e classed under two heads — the overstocking of 
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paetureB and the )^ift)i o( weeds. Many farmers attempt to raise more stock than 
their pastures will safely accommodate. The grasses can not endure the close 
grazing and excessive trampling to which they are subjected, and mnsequently they 
die out. Snow in this section of the State is usually blown from the open fields soon 
after falling, and hence can not be depended upon to protect the grass roots in pas- 
tures that have been too closely grazed. Aa a result of this, weedy annuals, tike 
southern poverty grass, foxtail and squirrel -tail, spring up to take the place of the 
better perennial species, or the native ragweeds and verbenas spread and occupy the 
soil. All of these have become so plentiful that farmers remark on Uieir more 
frequent occurrence now tlian in former years. Several ran k-growii^' weeds are 
abundant in meadows and pastures of western Iowa. Sunflower and marsh elder 
find in the rich alluvial soil of the river bottoms a most congenial place for their 
development. They are especially troublesome on land that is often flooded during 
spring freshets." It may be that farmers of this region who rely chiefly on the hay 
crop will be obliged to introduce better turf-forming grasses, such as can resist the 
inroads of these weeds. From what I have seen of blue grass in this region it may 
prove a good grass for this purpose, and hungarian hrome (Bromim inermi*) may 
prove of even greater value. Snow-on-the-mountain {Eupliorfiia marginala), a well- 
known ornamental plant, is a serious pest in western and northwestern Iowa. 
Golden roils are often troublesome in pastures, especially SoUdago cinadensia and 
S. rigidB. Stock will not eat them unless forced to do so, and when once well 
eatahlisheil in the pasture they are very difficult to eradicat*. 

In regard to Nebraaka Dr. Pammel writes as follows: 

Grazii^ is now and ever will be an important Industry in the western half of the 
State. Although the grasses may not grow so luxuriantly season after season in 
Nebraska as in Iowa, the climate is more favorable for winter grazing than in the 
latter State, and there is a large number of valuable species of native forage plants. 

Under the head of native gra.sses the great value of the more impor- 
tant species is referred to, the necessity of the careful conservation of 
the natural hay and grazing lands is urged, and the great injury result- 
ing from overstocking is pointed out. 

Mr. Williams's work in this region was carried on at different times 
since 1896 in eastern Nebraska, eastern, central, and western South 
Dakota, and also in southeastern North Dakota. Mr. Williams was 
particulai'ly well fitted for attacking the forage problems here on 
account of his long residence in the region and the careful and special 
study which he had given the subject, especially white acting as bota- 
nist of the South Dakota Agricultural Experiment Station. The 
result of his field work in this region, as well as those of Mr. E. N. 
Wilcox, Dr. David Griffiths, and Mr. M. A. Erannon, were published 
in Bulletin No. 6, "Grasses and Forage Plants of the Dakotas." A 
general review was made of the farming and stock-raising regions of 
North and South Dakota, indicating the characteristics of the various 
natural areas and pointing out the special advantages of each for vari- 
ous agricultural and forage purposes. A description of the native 
grasses is given and the value of each for diffei-ent purposes is pointed 
out. Attention is particularly called to the great value of the natural 
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Fig. 1.— American Manna Grass (Panicularia Americana). A wet Meadow Grass. 

From a photograph by C. L. Shear, taken near Anionllo, Colo. 



Fie. 2.— Alfalfa, Bellefourche, S. Dak., 1897. 
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forage and the importance of making every possible effort to preserve 
it. In speaking of overpastiiring, ho i^ays 

Overpasturinft in timeB of drought !•< killing out many of tlie permanent graasea 
here as well as elsewhere, and unless this jiractice is abandoned permanent injury 
will result tu this, one of the most important of the natural resources of the 
Northwest. 

The irrigation pi'obleni is also discussed, and some of the possibili- 
ties in the way of developing the water supply afforded by the artesian 
basin are spoken of. The great increase in the production of the 
native gras.ies hy a slightly in^^reased supply of moisture is referred 
to as follows: 

Experience has shown that many of the niost valuable native grasses are very 
much benefited by a judicious application of even a small amount of Heater. As a 
rule there in autScient rainfall to give the grasses a good start in the spring, and if 
enoiy^h water could he had to keep up a strong growth when the dry, hot weather 
comes on an abundant forage cro.p would be aaaureil. 

Besides the genenvl discassion of the results of field woik covered 
bj' the report there is given a complete list of the gi-asses and forage 
plants collected by the different field agents in this region, and also a 
list of the grasses and other forage pknts of the Dakotes which are 
or may be of importance as foii^, giving notes on each species, 
pointing out their particular characteristics and adaptation to special 
purposes, and also making suggestions regaiding their treatment, 
method of sowing, and possible means of improvement. Besides the 
bulletin referred to, Mr. Williams published, in Circular No. 4 of the 
Division, further results of the field work in this region under the title 
of " The Renewing of Worn-out Native Prairie Pastures," in which 
attention was called to the rapidly deteriorating condition of the native 
pasture lands, at the same time pointing out the causes and results, 
and recommending methods for improving and renewing these native 
grazing lands. 

The general effects of cultivation on native gi-asses and the great 
value of the same is pointed out, especially the l>eneficial results which 
are derived from disk harrowing and thus loosening the soil which has 
been greatly hardened by tramping of stock, so that the roots of the 
gra.sses may have an opportunity to develop. The question of manur- 
ing native pajstures is also discussed, and the conclusion is as follows: 

Pastun^ which have been grazed closely for some time will be benefited by the 
application of a thin top dressing of well-rotted stable manure, followed by a thor- 
ough harrowing. It is doubtful if much is gained by putting coarse unrott«d manure 
on the pasture. It can be uaeti to better advant^e on cultivated lands. Ashes gen- 
erally have a beneficial effect on soils not too plentifully supplied with alkali. The 
collecting and sowing of seeds of the best native grasses, such as western wheat grass 
{Aipvpjfron octiiUnlnk), slender wheat graas (Affropi/nm Iriieruin), wild rye grass 
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[Elyrniu canadmtiK), pnurie June grass {Ktderia erittrUa), an<I the beard fcrasees 
{Andropogon Bpp,) is recommendeil, and an instance is cited of an excellent pasture 
of western wheat grass having been secured in this manner. 

Small poHions of Bulletin No. 12, by the same author, relate to this 
region, exti'acts from a report on work hy Dr. (Iriffiths in western 
South Dakota, in 1897, being given. 

Mr, .Tared G, Smith, during his connection with the Division, did 
field work in Kansas, Nebraska, and South Dakota, besides having 
made a special study of the forage problems of the region during a 
long residence in Nebraska, a portion of which time he was connected 
with the agricultural experiment station of that State. The results 
of his work were embodied in an article published in the Year Book 
of tlie Department of Agriculture for 1895, entitled " Forage condi- 
tions of the prairie region." After a general consideration of the 
subject, in which the vast area of the region is referred to and the pre- . 
vailing physical conditions and agricultural pi'oducts mentioned, a 
discussion of the most profitable crops to be grown is considered. 

The necessity for a more diversified system of agriculture is pointed 
out, and the greater profit to be derived by growing less corn and wheat 
and more grass and cattle is clearly shown. In this connection he says: 

It has been demonstrateil, both by experiment and practice, that the farmer who 
sells beef, pork, and mutton, that he has produced from com and grass nusevl and 
ted on the farm, makes more money per acre o( his land and per dollar of his capital 
than the one who grows only wheat or com or cotton. 

The following quotation, which gives a comparison between the 
present and past condition of the prairies, is of interest: 

The prairies in their wild state were covereil with the richest possible gross flora. 
There was no similar r^on that had so many useful si>ecies and so few poisonous or 
injurious ones. Almost any square mile of the whole extent of territory could fur- 
nish in one season 50 kinds of grasses and native forage plants, grasses that would 
make from !{ to 2 tons of hay per acre as rich as that from au Old World meadow. 
It waa a magaiUceut l^acy to the rancher and the farmer. To the one It promised 
food for a million cattle; to the other it proved the golden possibilities of a soil that 
would bring forth bountiful harvests. But within the last thirty years all this has 
changed. We can no longer point to our broad prairies and say that the'natural 
forage t^nditions here are the best in the world. Hardly an acre remains anywhere 
east of the ninety-seventh meridian that will still yield its ton and a half of prairie 
hay. There is hardly a square mile of prairie 8«1 that will produce ;W kinds of 
native wild grasses and clovers per annum. 

The superior qualities of the more important wild species is pointed 
out, especially their ability to endure drought, freezing, and flood. 
The futility of attempting to replace the native species by introduced 
ones is also clearly demonstrated. The beard giusses {Andropogon 
furcatus (Pl.V) and A. mitans) are descril)ed, their great value for hay 
and their nutritive qualities given. Other important species discussed 
are switch grass (Pauicum viryatiiw), western wheat grass (Ayitipyi'on 
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Fia. I.— The Real Red Desert, Wyoming. 



Fig. 2.— Tke Greater Red Desert, Wyominc 
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e), the grama grasses {Brmtdoua oitrtipendvla and B. oUgo- 
I, also buffalo grass {BiiIMlw daetyloid^), and prairie June grass 
{Kcderia oristata). Switeh grass produces a very luxuriant growth, 
especially in the bottom lands and "draws" {PI. VI, fig. 2). As it 
is inclined to get hard and woody when old, it should be cut before it 
has reached maturity. It is of most value for hay, being rather coarse 
for pasture. Its seed!< are large and abundant and easily harvested. 
As it has been found to grow well under cultivation, it may be recom- 
mended e.specially for use in mixtures with other grasses. Western 
wheat grass Ls one of the best and most widely distributed of the native 
.species in this region, especially for hay. It is everywhere highly 
esteemed and yields a good crop. The grama grasses are very abundant 
and imjwrtant constituents of the upland prairies and meadows. The 
blue gmma {B. oligoatachya) is the most important one for pasture 
(PI. VI, fig. 1). It forms a dense turf to the exclusion of other species, 
and it will endure a great amount of trampling, close grazing, and 
drought. This species, together with the buffalo grass (Buliilis dacty- 
louhs), forms the greater jwrceut^e of the forage over a large part of 
this region. It is scarcely necessary to point out the great iraporlnnce 
and nutritive value of buffalo grass. Its qualities are well known and 
thoroughly established. It forms an excellent dense turf of very fine 
leaves, and spreads by means of runners. It will survive great hard- 
ships, and is about the last species to succumb under excessive grazing. 
Unfortunately this grass can not be readily propagated from seed on 
account of its scarcity and the difficulty of collecting it. It can, how- 
ever, be easily grown from roots and cuttings. The turf may be 
broken into fragments and planted in shallow furrows, in the same 
manner that Bermuda gi-ass is planted in the South. It has also been 
found to adapt itself readily to conditions in inoister climates and 
poorei' soils. It has been grown very successfully for tbe past five 
years in the giuss garden of the Department at Washington, I). C, 
whe.re it fomis an excellent turf, and endures the climatic conditions as 
well as in its native prairie home. 

The prairie June grass {Kcderia cristatd) is widely distributed 
through the whole prairie region, and is particularly valuable as a 
pasture gi'ass on account of its early appearance in the spring. It is, 
however, a bunch grass in habit and does not form a continuous turf. 
It is much liked by stock and stands pasturing well. The seed is pro- 
duced in good quantity and the grass is one quite well adapted to 
cultivation. 

Mr. Smith gives the following advice regarding treatment of the 
native hay grasses: 

With SHch yearly yields and at such prices it will jMiy to improve the prairie 
meadows so that the product shall not decrease in amount or deteriorate in tjuality. 
The wild hay graases should be permitted to reseed themselves, if not one year in 
three, at leuBt one in four or five. Ciittingthe graas early in the season would help 
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to teep down the weeda. It is a matter ot obnervation that the species of wee(ta 
which increase most rapidly in the hay fields are those that blossom and ripen their 
seeds before the hay is reaily to cut. Their increase can be checked only by cutting 
them while they are in flower and thna preventing tlic seed from ripening. The 
intemiingled mass of we«de and grass along the "sloi^hs" and "drawg" or on the 
ground when: old stacks have stood should be mowed and burned, or at least raked 
off the field. Otherwise these weed patches will grow In size from ye^r to year and 
reduce the yield of hay. 

Tame grasses, cloveis, and soiling crops for the pi-airie region are 
also disiussed in this paper. Some of the tame grasses and clovers 
have met with success in the eastern portion of this region where the 
rainfall affords a sufficient supply of moisture. Orchard grass and 
red clover mixed have proven successful in eastern Kansas and 
Nebraska. Tall meadow fescue has also met with fair success, 
although it is not so enduring as orchard grass. Alfalfa (PI. VIII, fig. 2) 
is quite generally and successfully grown, but most of the introduced 
gras.se.s and forage plants are not adapted to the conditions of drought 
prevailing over the greater portion of this region. 

On account of the growing interest in dairying which is manifested 
at present in the prairie region, considei-able attention has been given 
to soiling crops, the question of summer for^e lyeing an important 
one, as there is usually a period during the summer when pasture is 
scarce. Among the most promising plants for this purpose cowpeas 
and soy beans may be mentioned. Certain varieties of these plants 
have l)een grown with much success during the past few years in vari- 
OU.S places, especially in Kansas and Nebraska. Very little has been 
done with them in the Dakotas, as the season is usually too short for 
maturing mast of the varieties. Corn, millet, hairy vetch, and field 
peas also make excellent green feed for milch cows and ai-e to be 
recommended where they can be grown successfully. For hay and 
pasture awnlesa brome grass {Bromus inermiit) has proven more suc- 
cessful than any other introduced grass tried {PI. VII). Being a native 
of arid regions, it naturally does well in this region. 

Under the heading "Improvement of the ranges" the question of 
overstocking and its results is discussed, and the neces.'^ity for discon- 
tinuing the practi<'e is pointed out. The desirability of constructing 
artificial ponds or tanks for the conservation of the i-ainfall is shown 
to be of great importance, as it would obviate the necessity of cattle 
having to travel long distances for watei', and thus trampling and 
packing the soil. As one means of improving the range lands, we 
may quote in conclusion from Mr. Smith's paper the following: 

Clearly, then, if tlie grazing quality of the ranges is to be improved, they must be 
so treated that the nutritious native species of grasses and forage plants can spread 
by means of the riptiied Bee<l. This can he accomplished by dividing the range up 
into separate pastures and grazing the different fields in rotation. There is a con- 
stant sTiccession of Bpeeies that ripen their scetl from June to October, commencing 
with Kiihriti, Enluriiit, fitipv, and BulbUis in June and July, and ending with AwJto- 
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FiQ. 1.— Point of Rocks, Bitteh Creek Valley, Wyoming. 



Fig, 2. -The Ideal Summer Range, 1 
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pogon, Bp<rroM,us, and Tri/idiji. in October. If these grasses arc killefl out, their places 
will be taken by annuals of weedy proolivities, snch as the numerous species of 
E-mgroitis and Angtidn, whitih are neither lasting nor nutritious — grasses that spring 
up witli the early summer rains, rijien an abundance of seed, and die. 

KOCKV MOUNTAIN REGION. 



Under this headiriff the work in Colorado, Utah, Wyoming, and 
Montana wil I be diMCuased. The physiographic and ulimatiu coiiditiont^ 
throughout this region are extremely varied, and eonaequently the 
forage pi-obleins are very numerous. The climatic conditions naturally 
depend largely upon the contour of the country. In the higher alti- 
tudes of the extensive mountain regions there is usually sufficient 
moisture, either in the form of rain or snow; hence the mountain 
pastures and meadows do not suffer much f i-om drought. In the foot- 
hills, bioad valleys, and more or less elevated l>ench lands the condi- 
tions are more unfavorable foi" the development of vegetation, as the 
amount of available moisture is much less. The flood plains and bot- 
tom lantki along the rivers and larger streams have W-en settled and 
placed under irrigation and produce abundant crop.s. The greater 
portion of the unirrigated areas of this region is used for grazing. 
The problems met with here are as numerous and varied as the soik 
and climatic conditions, and their great importance can be appreciated 
when it is known that the greater part of this country will probably 
never be profitably used for other than grazing and_ forestry purpose.-* 
on account of the physical fe-atures and unfavorable climatic conditions. 
The importance of the problems here was early recognized and steps 
taken toward a thorough investigation of them. The range lands, 
owing to injurious treatment, were rapidly deteriorating and their 
carrying capacity was much lessened. With the i-apid increase in 
population and number of stock there arose a demand for hay for 
winter feed. There was also the question of forage crops that might 
be successfully cultivated on the arid soils, which were so situated as 
to make irrigation impossible. These extensive areas of alkali soils 
pi-esentod various questions as to the possibilities of growing forage 
plants. The injurious methods of irrigation had also icsulted in the, at 
least temporary, ruin by seepage of some of the best of the valley lands. 
The varioiLs suhalpine meadows were also in need of improvement. 
The scanty amount of available knowledge of the foi-age and actual 
condition of affairs over the greater portion of this region made it 
particularly desirable to begin a thorough investigation of the various 
problems presenting themselves. The inaccessibility of a large part 
of the country made field work here more difficult and expensive than 
in many other regions, as the work could only be successfully canied 
on by extended tri[« overland. 
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The work here was commenced in the season of 1895 hy Mi-. 1*. A. 
Bydbei^ and the writer. Only a general survey of the region was 
attempted,' aa it was considei-ed desirable to first secure ii knowledge 
of the main features of the conditions and problems as a Imsis for 
more thorough work. During the invcHtigations the following points 
were visited, beside those in Nebraska vthtvh have been mforred to in 
discussing the Great Plains region: Green River, Wyuniing; Beaver 
Canyon, Idaho; Lima, Red Rotik, Dillon, Meli-ose, Silver liow, Deer 
Lodge, Garri.Hon, Helena, Townsend, Logan, Manhattan, liozenian, and 
Butte, Mont, ; Logan and Et^bo, Utah; Denver, Golden, Idaho Springs, 
Georgetown, Silver.Plume, Boulder, and La Salle, Colo, The results 
of this work were published in Bulletin No, 5, "A Report upon the 
Grasses and Forage Plants of the Rocky Mountain Region," The fol- 
lowing lines of work were given especial attention: First, making a 
coUeetion of all the grasses and for^e plant'^ met with and tjikitig 
notes regarding their abundance, distribution, fomge value, and prob- 
able adaptability to cultivation; second, an examination of the mejidows 
and ranges as to their present condition and the securing of all possilile 
information i-egarding their former condition. A large collection of 
seeds, sheaves, and roots was also made. The numbei' of specimens 
secured was over 4,000, among which were grasses whi<'h had not 
before been collected or described. 

Under the head of "Field notes and genei-al obsciTations " the 
various places visited were discussed and the more important gmsscs 
mentioned. Under the head of "Grasses deserving special mention" 
a list was given of the most impoiiant native species, with notes on 
their characteristics and the particular uses to which they were best 
adapted. The great importance of many of these species was indi- 
cated and the desirability of introducing them into eultivation was 
pointed out. 

During the same season Mr. E. R. Chajse did some field work for 
the Division in Utah, at Brigham City and vicinity. He gave special 
attention to the possibilities in the way of cultivating the native 
grasses and forage plants and the collection of seeds and sheaves of 
the more impoi-tant species. 

In 1896 the work in this region was ext<>ndcd and vigorously inished. 
Mr. P. A. Rydberg continued the work in Alonbina. I-^iiiipping him- 
self with a camping outfit at Bozcman, in the southern part of the 
State, he made an extended trip overland through the mountain regions ■ 
to the northwai-d, making an especially careful study of the forage 
resources of the region. He made a large collection of specimens and 
seeds, with notes on the conditions and problems. 

It is only by the careful work whii'h can be done by this method of 
traveling that n thorough study can be made of the u^itiial condition 
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of the variouH portions of the I'an^e and it« forage I'esourues. In this 
way the field worker comeM into direct contact also with the I'anchers 
and stockmen and secures at first hand information regarding previous 
conditions and treatment of the ranges, and also the views of these 
persons as to the best method of meeting the problems presented. 
During the same season Mr. F. E. Clements and the writer spent 
nearly three months working in Colorado, As the results of this work 
have never been published, it may be best to give an outline of the 
work done and the results accomplished. Work was commenced in 
the Pike's Peak region in the vicinity of Colorado Springs. The for- 
age plants of the region were (collected and notes taken regarding 
their abundance and value. The range lands on the mesa and in the 
mountains were investigated. As a result of the prevailing arid con- 
ditions and overstocking, the pastures on the mesa and in the foothills 
are veiy poor. The most important grasses are 'the grama grasses 
{Boiiidoua oHymtachya and B. hirsuta), the first being the most abun- 
dant and important, as it is about the last to sucirumb to harsh treat- 
ment. As the better grasses are destroyed their places are lai^ly 
occupied by species of less value and of weedy proclivities, such as 
little drop seed {S/xyrohilun (lepaupemtus) and the triple awns {Aristida 
spp.). Some areas of excellent mountain pastures are to be found in 
the higher altitudes, especially in the vicinity of Seven Lakes. The 
bulk of the forage here consLsts of sheep's fes<!ue {Festmaa ovina), with 
occasional small areas of tufted hair grass {Dvnclta/mpsia ccespitosd) and 
alpine timothy {Phleiim tdjunutii.). In the wetter portions about the 
lakes species of Carex and Eleocharls predominate. The greater por- 
tion of the timbered areas and open mountain sides in this vicinity 
produce very little forage. 

The next point visited was Walsenburg. The soil on the plains here 
is rather sandy. The whole region was formerly an immense cattle 
range, which has been largely abandoned during recent years. Here 
as elsewhere the prevailing and most important pasture grass is the 
blue grama. It is very thin and scattered, however, owing to the 
overstocking of the pastures, which has been carried on until recently. 
If given proper opportunity to recover, there is little doubt but that 
this grass will rapidly spread and largely restore the range. A con- 
sidei-able number of other species occur in the thickets along the bor- 
ders of streams and cultivated lands, but not in sufEcient quantity to 
be of much economic importance. In the vicinity of the alkali lakes 
near Walsenburg, alkali meadow grass {Pucdnella airoides) is rather 
abundant, and furnishes considerable forage, though it is notso well liked 
by stock as many other gi-asses. It possesses, however, alkali resistant 
qualities, which enable it to grow in soils which better grasses can not 
endure. The work was continued up the valley of the Cuchara to La 
Vcta, where there are some excellent meadow lands. A good oppor- 
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tunity was affoiiied hei-e to not« the effect of a slight increase in the 
supply of raoiature upon the native grassCM, as many of the native 
meadows here are under irrigation. Sovei-al of the wheat grasses and 
rye grasses {Agropyron and Elytrnts spp-) grow luxuriantly; also the 
gi-amas and the manna gi*as8ea {Boiddo'ua and Panicularia wpp.) (PI. 
VIII, fig, 1). Continuing westward, the mountain range lands in the 
vicinity of Vcta Pass were visited. As overstocking has not been car- 
ried on here, at least to any great extent, in recent years, the jjiisture 
lands are in very fair condition. On the open mountain sloptw several 
hunch grasses are quite abundant, especially the fescues. One wpecies in 
particular, Thurher'a fescue {J'esiiwa tkurheri), grows very luxuriantly 
here. This, besides its value for pasture, gives great promise for cul- 
tivation, A small area of it has been grown in the grass garden at 
Washington, and it has shown itself readily adapted to cultivation. 
Efforts have been made to secure a sufficient quantity of seed to exper- 
iment with more extensively, and it may ultimately prove superior to 
the meadow fescues for cultivation, especially in the more arid region.^. 
Western brome {Bronmn jminpdlmniix) is also found in considerable 
quantity in Veta Pass and vicinity. Species of blue grass, wheat grass, 
and rye grass also occur frequently, and furnish excellent forage. 

The San Luis Valley was next visited. The greater portion of this 
valley is a great arid plain, covered over the major part with sage 
brush {Arti!m:iitia sp.) and buck brush {Bi.(/elovta spp.)- Some jwr- 
tionK are irrigated from artesian wells as well as by water taken from 
the Rio Grande. There are extensive alkali areas on which salt gi'ass 
{Dlstlchlis gpicata) is very abundant. Over the greater poiiion of 
the range land the gi-asses are few and scattered. Slender wheat 
grass {A'jropyron. teneram) was originally described and named from 
s|>ecimens iwllected in this valley in the vicinity of Garland, and it is 
a spet^ies of considerable economic importance here as elsewhere in 
Colorado. After studies and collections had been nmde at Garland, 
Alamosa, and Villa Grove, the mountain meadows and pastures about 
Marshall Pass were visited. The condition of the i"iinge here, as well 
as of the foiuge plants, is very similar to that of Vetji Pass. The 
range here has apparently not boon overstocked to any gi-eat extent, 
and its carrying capacity therefore not materially diminished. The 
comparative inaccessibility of these higher mountain pastures prevents 
their being ranged over so extensively as the more accessible range 
lands of tiie lower altitudes. Many valuable species of native grasses 
occur iiere and grow in great luxuriance, especially in the immediate 
vicinity of the low lands and wet meadows. Blue grasses, bromes, 
lyc gi-asses, and wheat grasses predominate. Passing from Maishall 
Pass to the Gunnison Valley, considerable areas of native meadow 
lands arc found along the streams, and these produce abundant crops 
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of excellent hay. The mesas, foothills, and mountain slopes, how- 
ever, are ve.-y sparsely covered with forage plants. After short 
stops at Salida and Canyon City, a trip was made to the Wet Moun- 
tain Valley, This region has been favorably known for many years 
OD account of the quantity and quality of native hay pi'oduced. 
Themeadowshere, by long continued cutting, have become far less pro- 
ductive than formerly. Native meadows extend along Grape Creek 
for 10 or 15 miles, averaging in width from 1 to 3 miles. The quality 
of the hay produced is somewhat inferior on account of the pi-csenc© 
of sedges, rushes, and similar plants which occupy the wetter portion 
of the meadows. Judicious draining of certain portions of these 
meadows and permitting the grasses to seed themselves occasionally 
would no doubt greatly improve both the quantity and quality of the 
product. Work was also done in the vicinity of Twin Lakes, where 
there are considerable area.-i of swampy meadow lands producing 
chiefly sedges. Passing over the mountains into the Blue River 
Valley, an examination of the alpine and subalpine meadoWs and 
pastures was made on Mount Bartlett, near Robinson. On the slopes 
of the higher mountains in this vicinity, above timber line, quite 
extensive areas of excellent pasture lands occur. These are chiefly 
used for sheep grazing. Sedges, short-leafed fescue {Festvca hrachy- 
phylld) and blue grasses furnish most of the grass forage. There are 
quite a number of other native herbaceous plants, however, which fur- 
nish a considerable amount of feed and are relished by sheep. The whcep 
grazing here does not seem to be earned on in such a manner iw to do 
injury to the range or to the timber land. The sheep are fed hei'c only 
a short portion of the year, and then not usually in large enough num- 
bers to do any serious harm. 

Further study of forage conditions wajs made at Dillon, Brecken- 
ridge, and Como, the latter place being situated in the northwestern 
portion of South Park. South Park has long been noted in Denver 
and other local markets for the excellent quality of its wild hay. In 
the lowlands of the park thei-e are extensive wild hay meadows quite 
similar to those of Wet Mountain Valley, A considerable portion of 
the hay produced here consists of Juncits haltlcm. This is gencmlly 
called " wire grasw," though of coui-se it is not a true grass at all. It 
is very highly prized for hay, and brings a better price on the Denver 
market tlmn any other hay. As a result of the work in this portion 
of Colorado, a. very large and valuable collection of the grasses and 
forage plants' of the region was secured, some of which proved to be 
new. A knowledge of the exact conditions of the different range and 
meadow lands was ascertained, and the relative value of the different 
grasses and forage plants determined. Seeds, roots, and sheaves of 
the more important grasses were secured. Fortunately most of the 



ibvGoogIc 



32 FIELD WOKK OF DIVISION OF AGROSTOLOGY. 

meadows and range lauds of the aieas just deHcribed have not been 
HO badly injured but that a period of rest wojald largely restore them 
to their original vigor and carrying capacity. 

Prof. L. H. Painmel alao did work in central and northern Colorado 
during the summer of 1896. His investigations were carried on in 
the vicinity of Fort Morgan, Greely, Fort Collins, Golden, Denver, 
and Colorado Springs. The results were published in Bulletin No. 9 
of this Division, which has already been referred to in connection 
with the field work iii Nebraska and Iowa. In this report the foi-age 
plants and conditions of this portion of- Colorado are discussed. The 
chemical composition of a number of the most important native 
species is given, showing that they compare very favorably with the 
cultivated grasses. In I'eferring to the impoi'tance of impi-oving the 
native apetues for cultivation, we may quote the following: 

If by selection from the native grasnes an improved form of weHtern wlmat grass 
or grama graaa can be intiwluced into the semiarid r^ons, it will give greater 
returns thaii any of those already there, the live atoek induBtry will be [nit on a 
better basis, and itH xiiuceaa assure'l. 

In 1897 Prof. Aven Nelson, of the Wyoming Agricultural Experi- 
ment Station, itiade a spet^ial study of the Red Desert of southern 
Wyoming and its forage resources. This region covers more than 
11.000 square miles. It is a high, undulating plain or plateau, averag- 
ing from 6,000 to 7,000 feet elevation (PI. IX). The water supply is 
so limited and of such a poor quality that very little of the land can be 
used for cultivation, consequently it is distinctly a stock region. During 
the summer season it affords very little in the way of forage, hence it is 
used almost entirely as a winter range. Professor Nelson says; 

From the Ist of June to the Ist of November the region is practically devoid of 
stock of all kinds. With the coining of tlie snows the herds and flocks are worked 
back into the desert from the summer pastures in the hills and mountains. Through 
the winter and spring inonths thousands of head feed upon this rough forage, snow- 
drifts funiishing the water for all. The sheep herder in his wf^n, also dependent 
upon the snows, guides his flock from district to districtas new pasturage is needed. 
By the time the stock is taken ta the summer range the desert is barren indeed. 
Grasses, s(^?ebruBh, salt sage, white sage, rabbit brush, and even cedar, have been 
grazed BO closely that every edible sprig is gone. 

In the report from which the above quotation is made (Bulletin 
No. 13, Division of Agrostology, "The Bed Desert of Wyoming and 
its Forage Resources") Professor Nelson gives a thorough description 
of the forage problems o£ this interesting region, both fromastiientific 
and economic standpoint The topography, geology, soil, and climate 
are discussed. The soil over the greater portion of the desert is nearly 
all impregnated with alkali. Analyses of samples of soil taken from 
various localities show from 0.12 per cent to 7.20 per cent of water- 
soluble salts. This does not, however, represent the largest amounts 
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of alkali tlmt are found. In the bed of a dry pond a Hpccica of 
Scirjuis was found growing where the surfiicc soil contained more than 
60 per cent of soluble salts. Very little of this alkali is what is known 
as "black alkali," the greater portion of it being what is called "white 
alkali," of which sodium sulphate is the chief constituent. The bulk 
of the forage i« fumishcd by saltbutshes, sagebrushes, and other plants 
tlian grasses. Wheat gnisacs {Agropyron spp.) are most abundant. 
The amount of alkali in the soil renders the growth of many grasses 
impossible. 

Regarding the pijesent condition of the ranges of this region tm com- 
pared with tlie pa,st, we may quote the following: 

Awordinjt Ui the moat reiiable elim;]! men, the sanm arcaa that twenty years 8(^ 
woul<f only support one eheep will now support from three to five. This they attrib- 
ute to the gain in the strengtli of the soil, due to arcumulating manure. It seema 
probable that a more potent factor ia found in tlie following; Thu vegetation chiefly 
depended upon for forage is comjioBed of the laip; number of small shrulw of many 
kinds previously mentioned. Cutting ilown to the ground of sneh vegetation enor- 
mously increases the number of annual shoots. From winter to winter this Bhrubhy 
vegetation has been browsed down eloser and closer to the woody bases of the plants, 
until now the tender annual shoota are produce<l in much greater aliuniiance. The 
effectiveness of this browsing it*, of course, dependent ui>on the region being used aa 
a winter pasture only, giving time for growth and recovery each s 



It will be noted that the improvement which has taken place here 
affects the shrubby fomge plants and not the grasses, and that this 
improvement is dependent upon the resting of the i-ango land during 
the greater portion ot the growing season. Regarding the native 
9 the author says: 



The native grasses also are worthy of trial. The writi^r has seen wonderful resultH 
froni seeding the ground to some of thtwc, espeeially the wheat grasses, ami this, too, 
. where the water used for irrigation was far from the liestand the ground strong with 
alkali. Furthermore, the increaae in the water supply is not quite liopeless. The 
repon eontains many natural liasins in which, by the expenditure iif a little labor in 
the construction of dams, much of the water from the accumulated winter snowdrifts 
might be saved for use later in the season. 

In addition to the subjects already mentioned, dcsci'iptions and notes 
regarding the forage value of the various aaltbushes {Atriji/cx spp.) 
and sagebrushes {Arteiulma spp.) are given. There is little doubt that 
some of these plants will prove worthy of cultivation. Seeds of many 
of them have already been secured and experiments commenced to 
demonstrate their value under cultivation in arid and alkali soils. 
Descriptions of the gra.sses of the range are also given, with full notes 
TOgarding their value and the beat methods of increasing their produc- 
tion. Besides the Ked Desert proper, an investigation was also made 
of the foothills and mountains which fui-uish grazing for stock during 
the summer seajson (PI. X, tig. 2). The forage here consists much more 
largely of grasses, the most abundant and valuable of which are 
1923— No. 25— —3 
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discussed. Besides a. complete list of the forage plants of the suiitiiier 
range, a systematic list, with nottm on all the plants collected in the Ked 
Desert, is given. 

Other work in the Rocky Mountain region was carried on in 18!)7 
in 8outhwostei"n Colorado hy the writer, assisted by Mr. A. Selig, and 
by Messi"s. Williams and Griffiths in the Big Horn Mountains of 
Wyoming, and in southern and western Montana. The resuics of this 
field work, as well as of all that upon which nothing had heen pulj- 
lished previous to 18!>8, were combined by Mr. Williams in B".lletin 
No. 12 of this Division, under the title "A Report upon the Grasses 
and For^e Plants and Forage Conditions of the Eastern Ivoc-ky 
Mountain Region." From the author's own extensive work in this 
region and from the I'epoi'te and work of field agents it was possible 
to obtain a better grasp of the forage conditions and problems of this 
r^^on than had been done heretofore. In the introduction the great 
importauce of the stock-raising industry is i"eferre<l to and the growth 
of interest in the various problems connected with it. Besides the 
information derived from field work undertaken by employees of this 
Division, umch was secured from prominent stockmen, farmeis, and 
othera familiar with the problems by a circular lettei' of iriquirj'. 
Answers to this were received from about six himdred persons. These 
answei-s show how varied are the forage problems of the region. At 
one place it is early spring foi-age that is most needed, at another 
there is a lack of winter foiage, and at another it may be summer 
feed. Under the heading of "General topographical features of the 
region," the great amount of variation in the physical chai-acter of the 
country is pointed out. A description of the soil follows, and also of 
the water supply. Under the heading of "Present aspect of the 
forage problem," the important questions which present themselves 
are discussed, and the causes and conditions which have led to the 
present troubles are pointed out. Unfavorable seasons and the 
destruction of the forage by over-stocking made it necessary for 
stockmen to provide feed in order to carry the herds safely through 
the winter. Many, however, did not attempt anything in this direc-. 
tion until compelled to do so by very serious losses. Thus one of the 
gi-eat needs of this region is a hay plant that will endure the arid con- 
ditions and alkali soils and produce profitable cmps. Of course in 
localities where there are facilities for irrigation alfalfa can be very 
auccessfully grown. But alfalfa, to be used to the best advantage, 
should be supplemented by some other hay. Alfalfa, also, is restricted 
to certain altitudes. In Montana it can not be successfully grown at 
agreater altitude than 4,500 or 5,000 feet, and since about one-half of 
the area of the State lies above this limit it will be s«en that some 
other hay plant is needed to meet the requirements of a large portion 
of this State^ As we go farther south, the limit of successful growth 
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is higher. In the southern [wrt of Ooloi'ado it (.-im l>e profitably 
grown at an altitude of ?,.'»()() feet, but there arc still largo area-s of 
suitable lands thTOughout this region lying at too great an altitude to 
^row this crop. In this ca^^e, an in that of the arid and alkali isoils, 
the solution of the problem i« believed to be found in the cultivation 
and adaptation of the native grasses and forage plants. For tlie 
higher altitudes there are several blue grasses (/*cix spp.) which pro- 
duce hay of excellent quality. Other excellent species for these 
localities are species of Bnmiux, especially western bi-otne grass {Bru- 
Vfus puftipeUtanus) and short awned bronie grass {Bromim tiuirgl- 
natua). Various species of blue-joint {CaltiMitf/n>fi!s spp.) Alpine 
timothy {Phleum. itlpmunt), western foxtail {Alopcowiits u<xidenUd!ji) 
and i-ed fescue {Fentuca rubra) are all valuable meadow grasses, which 
produce good forage at altitudes too high for the production of any 
of the cultivated species. After a description of the forage con- 
ditions on the range of western South Dakota and north-eastern 
Wyoming, consisting of an abstract from the report of Mi. Griffiths 
for 1S97, the cultivated grasseo and fomge plants which have l>een 
tried or give Indications of s..ccess in this region are fully described, 
and their particular cbara<;teristics and adaptability to particular con- 
ditions pointed out. The native gi-asses and forage plants* are also 
discussed. In referring to the native gi-asscs Mr. Williams says: 

This great economic importance of the native graaaes is at once apparent wlieti one 
recalls tlie many thouBands of sheep, I'attle, horses, and mules that are raised in tliia 
re^^oii, and that depend entirely upoti the native graaseH and forage plants fur tmh- 
eisteni^e for from eight to twelve months in the year. That the quality of Ihe torajie 
afforded is excellent is shown by the fact that most of U>u vant numbers of fat cattle 
and sheep annually shipped to eastern marlteta from this region receiveil no other 
foo<l than that furnished by the natural meadows and paattires of the ranges. 

The more important native gi'asses are arranged for purposesof di.s- 
cussion in two groups, meadow grasses and pasture grasses. Of the 
native meadow or hay grasses the great value of the wheat grasses 
{Agropyroit spp.), the rye grasses {J£lyin.un spp.), and the blue gi-asses 
{Pua spp.) is pointed out. The native pasture grasstw are fi'eated of 
under two subheads, "Grasses of the plains" and "Grasses of the 
foothills and mountains," The grasses of the plains leferred to here 
are those which we have ali-eady discussed in dealing with the plains 
region. The gra^sscs of the foothills and mountains are nuuierous and 
consist largely of bunch gi-asses. Sheep's festiuc {Pcstiwit I'/'liia), 
bunch wheat grass (Affr/iptfron npicatum), needle grasses {Sttjxi spp.) 
are abundant and of great value. There is nothing to indi<»te that 
these grasses may not be successfully <'.ultivate<I, In iiu.;t, expei'inients 
already undertaken with some of them have shown that they adapt 
themselves readily to cultivation, and there is little doubt that in the 
near future seeds of these species will be grown and the plants regu- 
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lai'ly cultivabid in this rotfion. The mitive clovois, veixihcs, and lupines, 
as well us jushcs, sedges, and other miscellaneous native fomgo i)Iant«, 
are also given eonstdei-able attention. The numbei- of plants in this 
region, which have a greater oi" less degree of importance as forage 
piants, is particularly large, and there is no apparent reason why, W 
proper preservation and care of the natuial fo'-age resources, thei'o 
should not be produced an abundant supi)ly for all present nced». 

The bulletin closes with a chapter on " Improvement of the ranges," 
in which the necessity of establishing some system of control, which 
shall allow ea*:h person the exclusive right to graze his stock on a 
given piece of land, is emphasized. Some of the evils of the pi'esent 
syst-eni, or rather lack of system, in the management of the free mnge 
are indicated. The imiwrtance of the conservation of the minfail is 
also mentioned, and the desirability of providing reservoirs or tank» 
at (wnvenient intervals for supplying stock with water, thus avoiding 
the necessity of their tramping long distances is pointed out. In si>eak- 
ing of the desirability of experimenting with grasses, for the purpose 
of selecting and securing varieties adapted to the different soil and <li- 
matic conditions of this region, the following advice io gx\en 

These experiments should not Yk confineit to tlie tame or iiitroilutiil a<irt8 but 
should be extended to desirable native kinds, suuh as have ]>een mentioned in the 
l)recedin)! jiageB. There is no locality witlioiit tjraeiws or forajw ])Unta worthy of 
trial under cultivation, and when one can, with but little trouble, obtain enough beed 
for such a test. 

jVs a means of restricting the ranges in ca.se the gnwscs have not 
Ijecn too laigely extenninated a period of rest is recommended. This 
gives the grasses opportunity to produce seed and regain their vigor. 
The great value of disk harrowing and also of alternate grazing is 
mentioned. 

In 1898 the writer, accompanied by Mr. Ernst A. Besscy, made a 
thorough investigation of the grass and forage condition of northern 
Colorado. A team and camping outtit were secured at Wolcjttt, on 
the Denver and Kio Grande Railroad. From this point we proceeded 
northward on the road to Steamboat Springs, Stops were made at 
various points, collections of the various grasses and fonige plants were 
made, and much information regarding range conditions and manage- 
ment secured. In the Boar Kivor Valley, between Yampa and Steam- 
boat Springs, there are considerable areas of meadow lands, which 
produce, in favorable seasons, large crops of excellent hay. The most 
prominent grasses are the blue grasses, especially 7W ItevUjata, hair 
grass (Deechampsia cma^ntoga)^ sheep's fescue {F&ftuca </vina), alkali 
meadow grass {PuccincUla airolde^) and wire grass {Jan^m halfiem). 
Considerable alfalfa is grown for winter feed at this altitude. 

From Steamboat Springs we continued east, cix)ssing the Park 
range and investigating the mountain pastures and meadows. Near 
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the summit of the divide and over extensive areas in the more open tim- 
ber land mountain rye grass {Elymm (jlauon«) oci^urred in abundance 
(PI. XI, Jig, 1). This gi-aas is a most excellent one for haj-, and as it 
grows naturally at an altitude of eight to ten thousand feet, is likely to 
prove of great value for (cultivation in such localities. The grass is one 
deserving of attention, and from past experience with the native rye 
grasses it seems jji'obable that there will he little difficulty in cultivat- 
ing it. Se«d of it has been secured, and experiments in growing it 
are being carried on at pi-esent in various places. A species of blue 
grass {PiKi whuderi) also grows at this altitude and gives promise of 
great value for cultivation. Passing from the mountains to North 
Park woik was done in the vicinitj' of Higho, Lake John, and Heb- 
ron. The general elevation here is about 9,000 feet. In the bottom 
lands along the streams there ai'c many wild hay meadows. Some of 
them, howevei', are badly infested with squirrel tail (_II<yrdeuifi jvha- 
tmri). This grass is becoming a great nuisance throughout this 
region, and steps should be taken to destroy it. As it matures 
before the other grasses are ready to cut, its seexl l)ecome widely dis- 
tributed. If, however, it were mown liefore any of the seed had 
matured, it could be controlled without great difficulty and at the 
same time be used for hay. Here on the mesa was also found, in small 
quantities, blue grama. - Thin altitude (9,000 feet) is the highest at 
which this valuable grass is known to grow. The various wheat 
grasses form an important part of the for^^ on the mesa. Wire 
grass {Jniictis haUioitu) and various sedges constitute a considerable 
portion of the hay, especially in the wetter parts of the meadows. 
From North Park the work was continued over Muddy Pass and 
through Middle Park to Grand Lake, then over the Shecphorn Divide 
and down the valley of the Grand River, i-eturning to Wolcott. 

The carrying capacity of much of the range land of this region has 
not greatly diminished during recent years. From 15 to 25 acres are 
necessary to carry one head of stock. More judicious pasturing would, 
however, increase the carrying capsicity of much of this land. As stock 
nniNt (w fed during portions of the winter, more attention should be 
given to the improvement of meadows and the growing of hay. Much 
of the region is situated at too great an elevation to 8ucccs.Hfullj' grow 
alfalfa. There are, however, sevei-al of the native grasses whi<ch with 
proper attention would produce excellent crops of hay. The wheat 
grasses, western wheat gi-ass {Agropyron ocmdentah) (PI. XII), slender 
wheat grass (Affropyron tenerum), short-awned brome (Jiroiiinx margi- 
natus), and the rye grasses, Macoun's rye grass {Elyimts viacouti ?i) and 
mountain rye gras-s {Elym.^ts glaticHs) are adapted to the conditions 
prevailing here. Seed of these could be collected without great diffi- 
culty and sown upon the natui-al meadow lands to gi-eat advant^c. 

All the land which lies along the water cour.ses has been taken up 
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and fenced and is largely in the possession of a few owners, who from 
their ability to (control the water supply naturally <rontrol the use of all 
the adjacent range lands, ajs no stock can bo kept on the range without 
a sufficient water supply. Not only this, but in many cases the public 
mnge lands themselves have l)een fenced, thus excluding all other 
people from placing stock on the land. This very evident injustice is 
the quite logical result of the lack of any system of controlling the 
public lands. The grazing lands of Colorado vary greatly in their car- 
lying capacity and condition. From the work which has been done 
by the Division, not only through personal investigation but by letter's 
of inquiiy from various stockmen throughout the State, it appears 
that while in s' me localities the range^j are in nearly as good condition 
as formerly, i.i others the carrying capacity has been diminished as 
much as 51) per cent or even more. It is believed that an estimate of 
an average of 25 per cent decrease in the carrying caimcity for the 
State a^ a whole would he a fair statement of the case. 

No field work was done in this region in 1899, but in 1900 work was 
carried on at sever jJ points. Dr. David Griffiths and Mr, E, F. Lange 
worked in Montana; Professor Scribner and Mr. K. D. Merrill in 
Idaho, Wyoming, and the National Parki Mr. Elias Nelson, in southern 
Wyoming; andMr. William Shear and the writer in southern Colorado. 
The work previously done here had been sufficient t« affonl a very 
good general knowledge of the foi-age plants and conditions as well as 
the most important problems and i-equirements. Recognizing that, to 
secure grasses and fomge plants capalde of succeeding under the unfa- 
vorable conditions of soil and climate prevailing over a large portion 
of the region, very little was to be expected from the introduction 
of tame grasses, whicii were only adapted to growth in moister regions; 
our efforts were directed toward the grasses and for^e plants native 
to the region. As has already been pointed out, there is a considerable 
numi)er of most excellent grasses native here, and it was deemed 
desirable to make an effort to introduce these species into cultivation. 
With this aim in view the chief object of the field work this year 
was to secure large quantities of s^eds of the best native grasses and 
for^^ plants. In cases where seed (^ould not be well secured or the 
plant was most easily propagated from roots these were secured. A 
considerable collection of specimens was also made' incidentally. The 
results of the work have already been published by the writer in Cir- 
cular No. 9 of the Office of the Secretary. Much interest was shown 
in the work by stockmen and ranchmen of the region visited, and 
expressions of appreciation and encouragement as well aj* assistance 
were given. In regai-d to the results of this season's work we may 
quote the following from the report referred to: 

As a result of the work in tlic lii'ld thic si]iiiii)(;r HeetlH of almnt 130 varii^tien i>f 
^iraasiHi atid forage ylaiiiU were Hecun^l. Tliii;4t' \Ke.n: iibtaineU in quantities varying 



FiQ. 1,— Winter Fat (Eurotia lanata). Native Growth, Pahker, Wash, 

From a photograph by A. B. Leckenby. 
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From H phologrnjih by A. B. Leckenby, 
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from out! to five litmdreil pounds, according in the desirability of the epecies and the 
difiictilt]' of securing it. Tlie total amount collected was about 4 tona. Besides 
seeils a considerable quantity of roots were obtained for transplanting, also several 
hundred specimens of interesting species for the herbarium or exhibition purposes. 
Among the most important results of the field work was the information secured by 
direct observation of the actual conditions and problems to l)e met in the various 
regions and by intercourse with the stockmen and ranchmen. This intercourse brings 
iuti) actual touch the Department and those for whose immediate benefit the work is 
intended, and ho promotes mutual understanding and profit. They come to a better 
understanding of the methodic and aime of the Department, and we come to a better 
knowledge of their difBeulties and needs. 

The value of thia seed work and the desii-ability of continuing it was 
paiiicularly emphasized. The little experience already gained by the 
cultivation of some of the native forage plants has conclusively shown 
that there are great possibilities in this direction, and that future 
investigations will undoubtedly prove that many of these native spe- 
cies can be successfully and profitably cultivated in arid and alkali 
soils where few or none of our introduced species will .succeed. A list 
of the especially promising species of which seed was obtained in 
([uantity was also given in this circular with notes regarding their 
distribution and their particular value for special conditions and 
purposes. 

THE NORTHWEST, 



Under this head the region included in western Idaho and the por- 
tions of Washington and Oregon lying ea.-it of the Cascade Mountains 
will be considered. The conditions and problems here are very sim- 
ilar to those of the Rocky Mountain region, especially of the northern 
portion of that region. The annual rainfall over the greater part of 
this territory averages about 15 inches or less. The important for^e 
questions presenting themselves are here, as in the Rocky Mountains, 
the improvement of the greatly deteriomted range lands and the ques- 
tion of forage for urid and alkali soils. In addition there is the question 
of the control of the shifting sands at various points along the Colum- 
hia River. 



Field work in this region was commenced in 1898 by Prof, F. 
LiUHson-Scu-i liner, who made a geneml study of the region, Mr. A, B. 
Lcckenby has done work for the division in this region during the 
pist three years, in addition to having chaise of the experimental 
work which was carried on at North Yakima and Walla Walla, Wash. 
Professor Scribner, Mr. A. li. Scribner, and the writer did work in 
this region during the summer of 18St9, The range lands in the vicinity 
of Walla Walla and in the Blue Mountains of Washington iindOi"egoD 

vie 
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were investigated; also the ranffes and sand dunos in the vi<inity of 
The Dalles. The nioMt iinportant native grasses of the i-ango aie )ninch 
wheat giu-is {Aifiiijiifroi apicaiufit (Pui-sh) Rydb.) (PI. XIV) and several 
species of blue gi-aas {J'lui spp.) Winter fat {Eurofiu hutnia) ia a native 
foiBge plant of (Minsiderable value here and also in niany localities 
throughout the arid region. The accompanying illustration whows 
this plant as it grows at Parker, Wash. (PI. XVI, fig. 1). Persons 
who have resided in this i-egion for the past twcntj'-five or thirty 
ycai-s state that the range lands in the vicunity of the (>)lumbia River in 
WaHhington and Oregon were in the early days practically covered with 
a very abundant growth of the bunch grasses. Through overstocking 
and drought these bunch gmsses have been pmctically exterminated 
over large areas and their plmtes occupied more or less l)y weedy annual 
plants, -espci-ially the soft chess {BrnjiuM lumhiici-iiK). which furnishes 
very Httle foi-age. Bedsides cattle, large numbers of horses have itmged 
over .'ionie poitions of the country and have <l(»ne much to bring al>out 
the pre-sent unfavorable condition of things. Sheep ha\e also done con- 
siderable injury in many plates. There has })eeii no effort made by the 
stockmen to conserve the product of the grazing lands, the lack of any 
light to control them giving them no inducement to improve or care for 
them. Early in the course of the investigations in this region the great 
desirability of testing the more promising native and introduced forage 
crops which gave promise of success in this region was recognized. 
Two points were selected atwhich culture experiments were commenced, 
one at Walla Walla, in wnnec^ion with the Oregon Kailroad an<l Navi- 
giition Company, and the other at Yakima, on land l)elonging to the 
Northern Pacific Kjiilway Company. The work here, which was under 
the innnediate sujiervision of Mr. Leckenby, served to demonstrate very 
conclusively the pos.sibilities in the way of cultivation and the great 
value of some of the native grasses, especially the liunch wheat-gnuwes, 
which, as before mentioned, occupied a large jwrtion of the range 
lands of this region. Other wheat-giasses, as western wheat-gra.ss, 
{A<jr<rpy7^ni iieiritiiittnle) and slender wheat-grass (Atjropynm teinn'uin) 
also showed gi-eat adaptJibility to cultivation and give great promise of 
usefulnes.-! in this region. These grasses will grow with little or no 
irrigation. The bine grama gi-ass {Bmddmtn Uigmtachya), though 
not a native of this side of the range, proved well adapted to the pre- 
vailing conditions. The accompanying illustration shows a small field 
of quack grass [Aijr'ipi/r'ii' repi-nn) grown near Walla Walla. It pm- 
ducod an enormous crop with little irrigation (PI. XVI, fig, 2). Awn- 
less brome-grass, which was also tried here, gave excellent results. 
The sand-binding grasses along the Columbia River wei'c given espe- 
cial attention. Seeds and roots of many of them were collected in 
quantity for testing here nnd elsewhere. Experiments in growing 
them were carried on at different )>oinl.-; ahing theriverand somequite 
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encouraging results ohtainexi. Tho driftirij^ sands along the Columhia, 
from The Dalles (mstward, are a source of groat trouble and nxiHsiiHe to 
the I'ailroad coQipany as well as to people occupying the land along the 
river. The great amount of «and present and the rapidity with which 
it shifts frequently causes much delay to the railroad ti-affic, and nece.s- . 
sitates considerable expense in keeping the track clear. At some points 
the sands have encroached upon the cultivated lands, in some instances 
completely byrying orchards and other tracts of valuable land (PI, 
XVll, lig.l). AVe are told by those familiar with the conditions during 
the early settlement of the country that there was very little sand 
along the river, and that it causexl little or no damage, but that within 
recent years the amount of sand brought down by the river has 
accumulated in greater and greater quantities each year. This large 
inci-ease in the deposit of sand is no doubt in grwit part traceable to 
the deforesting of large areas about the head waters of the Columbia 
River and its bi-anches, and also to the destruction of much of the plant 
covering of the hills and mountaiins by overstocking, thus giving an 
opportunity for the rainfall to run off i-apidly, (pausing gi-eat erosion 
and carrying large quantitie-s of soil and sand down the streams. 
Ijarge amounts _of sediment are also the product of the mining indus- 
tries carried on at various points along the Columbia and its tribu- 
taries. The lack of a proper coveiing of the soil which will retain 
moisture derived froni the rainfall and melting snows is also in large 
part a cause of the excessive floods which have occurred during I'ecent 
yeai's. 

The only publication devoted entirely to the results of work done in 
this region is circular No. 22, by Professor Scribner, on " Gniss and 
Fomge Plant Investigations on the Pacific Coast," in which an outline 
of the conditions and problems presenting themselves in tlie region is 
given, and an account of the experiments cjirriejl on at North Yakima 
and Walla Walla, with especial reference to the native and introdmcd 
species which were tried and the degree of su(r<'i"ss attained. A lis 
was also given of grasses and (^lovers valualile in the upjHir Pacific 
coast region. Besides the hii'ge quantities of seed which have been 
secured, especially of bunch wheat-grass and the wild ryes (A'/j/«(w«m«- 
adervih and Elymvs ^im-dmimttiii), a number of new specift-* of giusses 
have l>een collected. Mymws arenicohis, Elynnix fan-xciiM, and YW 
h-ckiathyi are new species of important sand-l)inding grasses whic'i 
have been found along the Columbia River, and will prol)ably pro\e 
of value for introduction into other localities. 

In the mountains south of Wallowa Lake, Oregon, we had an oppor- 
tunity to o>»serve sheep grazing (PI. XVIII, fig. 1). The effect of the 
glazing here is apparently not injurious to the timber lands, and where 
we had opportunity tocxninine we saw no ovidonci' that it was overgrazed 
to any appreciable extent The sheep feed here hugely ujKjn the varl- 
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ous native plants other than gi-asses, and are not held long enough in 
one phu-f, to cause iiny injury. The sheep-grazing industrj' may be 
injurious or not, iw^eording an it is conducted. In r^onie l(K-iilities there 
is evidence that sheep grazing in the forest reservations is conducted 
in such a manner as to result in great injury to the forests and to the 
grazing lands, and indirectly to the whole c^untiy on account of the 
inal>ilit3- of the denuded soil to retain the i-ainfall. We are of the 
opinion, as. already expressed hj' the Division of Forestry, that sheep 
grazing under proper restrictions is not necessarily injurious to forest 
reserves. 

THE aoUTHWKST. 



It i.s in this region, which includes western Texas, New Mexico, 
Arizona, and southeastern California, that the nio.st difficult conditions 
and problems present themselves. The greater portion of this region 
presents conditions quite different from those found in any other part 
of the United States, The most favorable climatic conditions are to 
be found in central and western Texas. Here the annual precipitation 
ranges from 25 inches near the center of the State tP 15 towai-d the 
western border. The greater portion of this partpf Texas is excellent 
grazing land. In fact, there are few areas to be found where the nat- 
ui-al conditions are so favorable to stock raising. Considerable (change 
has taken place in the aspect of this counti-y since the departure of the 
butfalo and Indian, owing to the destruction of bushes, shrubs, and 
trees, caused by the prairie fires which the Indians are said to have set 
in oi-der to improve the gi-azing or which were started accidentally. 
Very few of these plants survived except in protected situations. As 
soon art the prairie lires became less frequent the shruhbj- vegetation 
spread rapidly, especially the mesquite Irean { I^roxopw sp.). This tree 
has spread with gre^t rapidity in recent yeai-s and now forms a scattered 
growth over a great portion of central and western Texas as well as 
thixiughout the lower altitudes of this whole region (PI, XIX, fig. 1). 
The rich and nutritious native grasses and forage plants were exceed- 
ingly abundant at the time the stockmen began to bring their flocks and 
herds to these ranges. The territory was so inaccessible before the 
coming of the railroads that there was a great abundance of food for 
all the sto<^k, and the opinion prevailed that the forage resources of the 
country were inexhaustible. At this time it is said that the grazing capac- 
ity of large areas of land was one head of stot^k to 2 to .^ acres, whereas 
on these same areas to-day it requires from 10 to IfJ across to <'arry a 
single hejul of stock. The building of the Texas Pacific Kailroad in 
1883 gave great impetus to the stock-raising industry, which imme- 
diately iMif^m a vapid development. The grazing being practically 
free, as no provision hud yet been made ]iy the railroads or State for 



Fig. 1 .—Sheep grazinq in the Mountains above Wallowa Lake, Oregon. 

From a photograph bj- C, L. Shear. 



E Field. Messrs. Griffiths and Williams in Northern Wyoming. 
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controlling their lands, theiv was a {foncral struggle on the imrt of 
storkiiu'ii to make the most of the "froft grass." The result wiis a 
rapid di'stnmtion of miiny of the best gi-asses Uy overstocking. The 
more valuable gi-a^ses heing gi-adiially destroyed, their places were 
occupied by more o>- less worthless annmil spe<'ies, as well as weeds, 
cacti, and riiesqiiite. On aticoHiit of the importance of the problems 
and the interest in them which ha.-! been shown hy the -stockmen, con- 
siderable field work has ))een done in Texas by the Division. 



Mr. J. G. Smith made a stxicial study of the forage problems of 
Texas and New Mexico. In 181t7 he visited some thirty pla<^cs In this 
region and ma<ie a careful study of the ranges and the grazing indus- 
try. Information wa*f also He<'iired by (correspondence with cattle and 
sheep owners in the State of Texas. 1'hese inquiries were directed 
ehiefiy to ascertaining the present carrying c^pm^ity of the i-anges and 
the amount of iniM-ease or decrease in carrying capacity that has taken 
place during the hist twenty-five years. The i-e.sults of Mr. Smith's 
work wei'e embodied in Division Bulletin No. 10, '^(frazing Problems 
in the Southwest and how to meet them." This report contams a very 
thorough a<K-ount of past and present conditions of the Texas range 
lands; also the methods which have been and are being followed by 
stockaien, and the results. The very great decrease in the carrying 
capacity of the range is pointed out and the i'eas<ins clearly indicated. 
Aside from the destruction of the grasses by overatocking there is a 
great amount of injury done by animal pest«, cnpeciallj' prairie dogs 
and jack rabbits. These pests were fonuerlj' controlled chiefly by 
their natui-al enemies, the gray wolves and coyotes, which have Iwen 
killed >)y stockmen on account of their destruction of sheep and joung 
cattle. These animals can, however, be controlled without gi'cat dif- 
ficulty if the proper steps are taken. Poisoning has pi-oven to be 
very effective. The whole section of land upon wJiich the range- 
improvement experiments of the Division were located at Abilene was 
entirely rid of prairie dogs in a very short time in this way. The 
amount of grass destroyed hy these animals is enonnous. The prairie 
dogs practically exteiininate all the grass in the vicinity of their bur- 
rows. The iKstter gi-asses thus destroyed are rei)laccd by inferior species 
which have much less feeding value. The rapid inci-easc of the prickly 
pear {Opuntla enyeUiiannl) is discusset.! and also means of desti'oy- 
ing it. Fire is said to lie the only remedy which is effective in fight- 
ing this plant. The mcsquitc Iwan {Primipix jiilijfin-it) which wo have 
just referred to as rapidly spreading over the countty can s<iircely be 
looked upon as an cntiiTly imdesinible intruder. It pi-oduces a great 
abundance of fruit. The i>o<ls which ans filled with a sweetish, palatable 
pulp, are greedily eaten by cattle and horses, and are regarded as vei'y 
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nutritions. Thn falbn Ipiivcs arc also wild t« >«' devoured by stock 
wlicn fomgc is scanty Besides the feed produecd }>y this plant it also 
fuinish»!M i>n>t<^etion for stock durintf severe winter storms. On the 
other hand these niesijuitt^ l»ean fijroves furnish pr(»tection for various 
noxious weeds and shrubs. They also interfere with the development 
of the better grasses, which will not thrive in the shade. 

In the inoi'e arid jrortions of New Mexico and Arizona theie can be no 
question of the givat vnhie and importance of the mesijiiite bean {Pro- 
soj)!k sp.). Its relation to the forage problem here is indirect, bnt its 
influenee on the general welfare of the country can scarcely be over- 
estimated. In the valleys of the largei' streams, as the Santa Cruz 
in the vicinity of Tiu^son, the prevailing spexsies grows abundantly 
along the river and also extends in a small form fai' back from the 
i-iver. The trees in the immediate vicinity of the river grow to large 
size. The timlwr has, however, l>een veiy largely destroyed by cut- 
ting it for fuel, and if the present practice of cutting all the available 
plants for this purpo.se is continued it will not be long l)efore this 
valuable heritage will be destroyed. Efforts shoidd >te made to pre- 
vent further deva-station of this valuable plant. The accompjinying 
ilhiMtration show.s the method followed in cutting such ti-ees (I'l. XIX, 
tig. 2). The stumps are cut veiy high, and as the plant possesses great 
vegetative power and vitality, large immlKsrs of strong shoots arise 
from the stumps and, growing with great nipidity, soon produce a con 
siderable amount of fnel, so that su<^cessivc cuttings are made in this 
way at inteiTals of a few years. 

Mr. Smith points out the gi^e^t need of prjictical and scientific 
mejisures l>eing used in order to restore and protect the natiiiiil graz- 
ing lands, and discnisses the various methods whicrh give promise of 
siK'cess, The greiit iidvantage of alternation in pisturing is partic- 
ularly mentioned. It has been shown that lesting a pasture for a 
periixl, especially at the time of seed pioduction, results in great 
imjjiovement by giving the grass an o[)portunity to recui>ei'ate and to 
produce a crop of see^. In this iH)nnection we may quote the fol- 
U>wing: 

A rent of twii or three monthH during the growing seaaon in oarly spring would 
enable tlie early grasses U> ri|>i;n and shwl their seeds, tliiis jwrpetnating the 
s{>ecies. After the sei'<l had fallen the cattle I'onhl lie tiime<l on the grass f<ir two i>r 
three niontliRand again tmnsferrcHl to afresh ]iastiire. In the same way autumn and 
winter jMisl.ureH can be secured. 

The other moans of range improvements which have been so success- 
fully tried at several places are described. The method and ad\antage 
of making stack silage when thei'e is a scjircity of feed are given. 
The desirability of providing watei', either in the form of tanks or 
wells, HO that the stock will not be re(]nired to tiiivcl long distsmces, 
and thus tend to the destruction of the grasses on the areas in the 



.oogic 



From a phologntph by C. L. S 



„Coc 



% 



D„i„db,Googlc 



THK SOUTHWEST. 46 

iiiiinediate vicinity of watering plai'«s, i.s iii-jfed. Following tlio di«- 
uufiifioii of the siIkjvo subjects, the ginizing regions in Texan iiitd New 
Mexico tii-e tukeii up and described. The chanicteristics of the promi- 
nent grasses and foi'age plants are given, with special reference to the 
uioi-e importunt species and tlieir value. Finally, the relation of land 
laws to i-ange improvement is considered, and the necessity for Home 
method of control and management of the public grazing lands of the 
West is jwinted out. An estimate is made that an inci-easc of at least 
$25,<JO0,mW would result from the improvement of the ranges even to 
the extent of 25 per cent, which impix>vement has l>eeii demonstrated 
to be easily possible. 

Mr. C. (J. Georgcson, Mr. T. A. Williams, Mr. II. L. Bentlcy, and 
the writer have also done field work in Texas. Mr. George.son visited 
Texas in 1898 for the sixicial i)ui'pose of selecting lands and arranging 
for experiments in range improvement. He visited Abilene and Chan- 
uing, planning and inaugurating the work at both places. Mr. Wil- 
liams did some field work in Texas in the spring of IStlX). He visited 
the experiment station at College Station and also the i-aiige- improve- 
ment experiments at Abilene and Channing. Mr. Bentley, in connec- 
tion with his duties as special agent in charge of the gi-ass station at 
Abilene, has done considerable tield work and made collections of 
seeds, ixjots, and specimens. His chief duty, however, has been the 
carrying on of the experiments in range improvement which were 
undertaken three yeare ago on a section of worn-out pasture land situ- 
ated near Abilene. As a result of Mr. Bcutley's work and experience 
in Texas he proimred Farmers' Bulletin No. 72, on " Cattle Kamges of 
the Southwest,^ in which the various problems are discussed in a con- 
densed and non-teuhnical uianner. The various means to be used in the 
renovation and improvement of the i-anges are discussed and clearly 
indicated. There is also a list of the promising gi'asses and forage 
plants native of the Southwest, with illustrations and descriptions of 
many of them. This bulletin has been in great demand and has done 
much to arouse interest in the subject. Mr, Bentlev has also written 
a report upon the grasses and forage plants of central Texas, which 
was published as Bulletin No. 10 of this division. This bulletin cov- 
ers much the same ground as the one just referi'cd to, going into more 
detail, however, on some points and giving a nuich more complete list 
of the foi-age plants. It contains many vahialde notes regarding the 
native species and indicates which ai-e mast likely to prove valuable 
under cultivation. It scarcely comes within the province of this bul- 
letin to discuss the experimental work carried on at Abilene, as Mr. 
Bentley is now preparing a full report upon this work for publication. 
It may, howevei', tre well to state that it has been demonsti-ated that 
disk harrowing of worn-out pi-sture land each si»ring for three succes- 
sive seasons has doubled, in the estimation of three conii^tent disin- 
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fercHted ,st<»<-kiiien, tlu* (-airyiiif^ niiHuity ()f thf^ mngc. Tlic r«rryiiifr 
aiiwi'ity of the niiif^o lit t\n; hegimiiiifj of the experitiK'nt was estimated 
by the judges Ui )w one lieail of .stock to Iti acrcw. ,Sto(^k iva.s kept on 
the htnd on thi« Ita-sir) for the next season, when it wa-s estimated that 
the carrying eaimiiity was 1 to 10, Storking was (wutinned for the 
next year at that I'ate, and in the same way until the close of the third 
year, with the results given alwve. Partial results of this work have 
already lieen puhlishttil. In Division Circular No. K Mr. ,1. G. Smith 
gave an outline of the work a.s planned and inaugin-ated. In ciivular 
No. 28 Mr, Ilenthiy descriljed tiie progre.>ts of the ex|)eri(nents during 
the Hist two years. 

In New Mexico and Arizona the most unfavomble conditions are to 
Ixi met with. A gniat portion of the t li iiitories lies witJiin what is 
known as the Great iWin and o\u (onsiderable areas real desert 
conditions prevail. The annual pitdpitation. while i-eaching in a 
Minglo limited area as h gh ils M in< hi s is over most of these Territo- 
ries, In^t wee a 10 and 15 inihc-i whik m i >uth western Arizona and 
southeastern California tliLii. h an c\tei sivo region having an average 
rainfall of 5 inches or ei tn h ■,•. (sll, map s) It will Ikj i-ejwlily seen that 
where the amount of rainfall is so small u^ that indicated the question of 
maintaininggi'aMst's and forage plants i^amostdiiEcultone. Notwith- 
standing the^e iintowai'd conditions a considerable number of good 
graiwes and forage plants have succeeded in surviving the struggle 
ff>r existence here and have become atlapted to the enviroinnent. 
We U^rn from the accounts of eiirly (explorers that large arejw of 
excellent gi-ass lands were formerly found in this country, especially 
ill the valleys of the rivers. Our knowledg»(, however, of the mnges 
of these two Territories us a whole is, oven at present, (juito limited. 
Many iKirtions of the country have' never Iwon visittsd by anyone who 
has given any special attention to the grasses and forage plants. The 
first work carried on bj- the Division in this section waa done by Mr. 
C. K. Orciitt, who s|xmt about three months herc^from February to 
May — in ISitli, leaving San Diego, Cal., going eastward to the San 
Felipe Valley, thence to the Coloi-ado Deser(, and acro.ss the Mojave 
Desert to the Coloi-ado lliver. From here he went to Kingman, Con- 
gress, Phoenix, Temi)e, Mesa, Maricopv, Tucjfon, Benson, and Rowie, 
thence acr<)ss southern New Mexico by way of Demiug to El Paso, 
From El Paso he went northward up the Kio Grande to Albuquerque, 
and from there westward by way of the Atlantic and Pacific. liuilroad 
acnws New Mexico and Arizona. The report of this work has not 
Iieen published. The season during which this work was done was 
most nnfavontble for .studying the foi-age <-onditions of this country. 
Tlje reason for this will appear more evident after an examination 
()f the average rainfall for each month in the year. The distribu- 
tion of the rainfall here is quite <litferent from that of any other 
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poll ion of the United Htates, fn»ni 15 to 25 per cent of the annual 
precipitation oeeuiring during July and Auguist, the siiialleat amounts 
occurring in May and June, the water .suj)ply i-apidly def^rcawiiig dur- 
ing the late winter and spring months. As a result of this the gnisses 
and forage plants are at their best during the autuum. 

Mr. Oreutt, however, secured a coiisidei-ablo amount of iiifoniia- 
tion from the stockmen and ranchmen regarding the grasses and iiinge 
conditions. Mr. J. G. Smith, in connection with his work in Texas, 
which has already been referred to, also spent some time in New l^ex- 
ico, particularly in the Pecos Valley and about Silver City in the 
southwestern part of the Territory. Mr. Williams also spent a short 
time in New Mexico in the spring of li)00 and visited Tucson, Ariz. 
The wiMScial purpose of this trip Ijcing to ari-ange for cbopci-ative work 
with the experiment stations, very little opportunity was afforded for 
the investigation of the ranges. The i-esults of Mr. Williams's work 
are published in Circular No. 8, OflSccof the Secretary. The particular 
problems in each State and Territory visited wore discussed in this 
paper. The great need of undertaking some work looking to the 
improvement of the ranges and the introduction and cultivation of 
hardy forage plants in these two Territories was pointed out, and 
arrangements were made with the Arizona and New Mexico experi- 
ment stations to carry on investigations along these lines. These 
experiments have already been undertaken, but have not progressed 
far enough at present to produce any decided results. 

During the autumn of 1900 Dr. David Griffiths, special field agent 
of the Division, was detailed to Arizona to look after the cooperative 
woi'k just referred to, and also to make a collection of seeds of the 
native grasses and forage planta. Dr. Griffiths spent several weeks at 
this work and succeeded in obtaining large quantities of seed of some of 
the best of the native grasses and other forage plants. He also procured 
a considerable number of specimens, a list of which has recently been 
published in Circular No. 32 of this Division. The seed secured Iiy him 
were used chiefly in carrying on experiments in Arizona and New 
Mexico, with a view to determining the possibilities and behavior of 
these plants under cultivation. Mr. James K. Metcalfe, who lives in 
the vicinity of Silver City, N. Mex., although not officially connected 
with the Division, is very umch interested in the propagation of the 
native forage j)lants, and has done much valuable work in this direc- 
tion. Through his aid the Division has been able to secure quantities 
of seed of a number of very valuable native forage plants. Of these 
we may mention particularly the bulbous panic grass {Panicutn 
hulhosum). The accompanying illustration (PI. XX, fig. 1.) gives 
an idea of the behavior of this plant under cultivation. The illustra- 
tion shows a plat of this gi-ass grown on the Department grounds on 
the Potomac Flats. The chief value of this plant lies in its great 
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ability to oiidurii drought. It also tolemtcs a coiiHidemhle uitioutit of 
alkiiU ill the noil. It ha« been grown Mucccasfully foi' seveml years 
l)y Mr. Motcalfo at his ruiK^b, and the Division is making special effort 
to introduw it into cultivation at various points in the southwest. It 
produces largo crops of excellent hay as well as |)a^tui-agc. Mr. Met- 
calfe was also the first to call attention to a native liean (I'^mseoim 
retimix), which baa been called in his honor '" Met<-alf e's l>ean," This 
plant produces oxwllent forage and is well adsipted to withstand the 
arid, conditions of the southwest. Quantities of seed of mountain 
bronie {liroinm ixjlyanthm jKtnicidaim), Fendler's blue grass (/W 
/i)ul/i;ri'(tni), spi-anglo top {Li-pt'ichl'xi dtihiii), and a variety of Cana- 
dian lye-gi'ass {Kltjiihitif <;aiiadfHJ<is) arc some of the other important 
apeciw which have been secured through Mr. Metcalfe's assistance. 

Besides the work roferi-ed to above, the writer spent several weeks 
in this region during March and April of this year. The condition of 
the i-ange in the vicinity of Abilene, Tex.; Mesilla Park, N. Mex,, 
and Tucson, Ariz., was investigated. As already remaiked, at this 
season of the year the lunge is in the most unfavorable condition for 
study, as most of the grosses liave been eaten down or, in the case of 
annual species, passed away. An examination of the range at this 
time will, however, reveal the basal portion, at least, of the perennial 
gmsses, if any are present, so that one can secure some idea of the 
possiltilities of the ranges at a more favoi-ahlc season of the year. 
The greater part of the mnge lands that were examined, especially 
those in the valleys and on the mesa, were almost devoid of grass veg- 
etation. The i-angus have been so heavily overstocked that the greater 
portion of the better pon^nnial grasses have been entirely destroyed. 
This is i»articularly true of those portions of the range situated within 
easy distance of a more or less permanent water supply. Owing to the 
very scant and uncertsiin supply of water over large areas it has l)een 
impossible to graze stock for a sufBcient period to destroy the grasses. 
The constant herding of stock in the vicinity of watenng places has 
resulted in many cases in almost total destniction and abandonment 
of those ranges. The accompanying illustration will give an idea of 
the amount of forage present at this season of the year on such a range 
(PI. XXI, fig, 1), Aside from a few species of annual weeds, which 
start up in the spring, thei-e is practically no vegetation except the ever- 
present crcosote bush and cacti. Most of these annual weeds are very 
small and of but little value. There is but one or two that is of sufficient 
iniportiinco to receive any serious consideration. These are species of 
plantain {I'/niitaffo Jitstiffiata Morr'ifi) (V\. XXII, lig. 1«), and another 
closely related species. These arc small weedy annuals which would be 
regarded as worthless in almost any other region, but are of value hei-e 
as Itcing practically the only plants furnishing pasturage over vast 
aresw during this season of the year. The difficulties of range improve- 
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—The Range, 25 Miles Southeast of Tucson, Ariz., showing its Condition 
V IN April, 1901. Only a few small, scattered Annual Weeds present. 

From a. photograph by D. Griffiths, 
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ment under such »x>nditions will l>c readily recognized, aa the range 
can not bo recovered except by seeding. The metbod.s of resting and 
disking have little hope of success hero, as the grasses having been 
practically destroyed, none are left to reseed the land. 

Of course, the condition of affairs described above represents the 
extreme. Wc are told, however, that there are extensive areas 
throughout these territories where the ranges are in the same condi- 
tion. The effect upon the country of this denuding of the ranges is 
not restricted to the stock-growing industries, but affects the whole 
future of the country. One of the most serious immediate results is 
the erosion which follows the removal of vegetation from the surface. 
This erosion is so mpid and so great as to l>e almost beyond belief to 
one who has not actually observed it. The scanty rainfall, which 
usually comes in torrents, runs rapidly away over the bare surface of 
the soil, flowing through and rapidly eroding every shallow depression, 
HO that it becomes only a matter of a few years when a cow-path or a 
w^on track forms an arroya several fc-'it wide and deep. We had 
pointed out to us by reliable observers examples of erosion of this sort 
which have been produced within the past six or eight years. The 
accompanying illustrations show the results of nine years of this 
erosion in the vicinity of Tucson (PI. XXIII). Itesides the injuries 
caused by erosion are those resulting from floods and the deposition of 
the great amount of soil which is carried down by the streams. It 
will be seen from this that aside from the desirability of covering these 
barren lands with vegetation for forage pui-poses, there is still a greater 
necessity of covering them in order to conseiTe the rainfall and pre- 
vent this destructive erosion. However discouraging the case may 
appear, we do not regard it as hopeless. 

The first and most important step looking toward the improvement 
and restoration of the public grazing lands is the control of these lands 
in such a manner as to make it to the advantage of the stockmen to 
improve the i-ange rather than to devastate and desti-oy it, as is the 
tendency at the present time. This is the question of most funda- 
mental importance, for no matter what temporary impi-ovcment miiy 
be brought about it can not l)e made lasting without there is some 
means of protecting the range from overstocking. The resources of 
this region, so far as native grasses and forage plants are concerned, 
are great, and if properly conserved and cared for will be found to 
meet, for the greater part, the needs of the country. 

Several species of mesquitc {Hilaria spp.) are common and furnish a 
considerable percentage,of the pasturage on the range, particularly on 
the mesas. Curly mesquite {llllarm cenchroidcs) (PI. XX, fig. 2.) ia one 
of the most excellent gracing grasses in the southwest. It is a .so-called 
*'short grass," forming a dense turf, spreading by means of runners 
and producing an abundance of very nutritious forage. It is in habit 
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muvh like buffalo grass and blue grama grass, and replaces those wpe- 
cies largely in wcatem Texas and New Mexico. The bW'k uiescjuite 
or black grama {Hilarki miitica), also called "gietta" in New Mexico 
and Arizona, is a very important species and one of great value in this 
region. Hilaria rit/ida, stiff in&squite, is also called "gietta." It in 
a rather coai'se, harsh grass, growing in bunches, usually about 2 feet 
high; being able to survive the most arid conditions it is of especial 
value, as it is almost the only forage occurring in some places. It is 
not a grass that would appeal to the fastidious tastes of stock accus- 
tomed to the tender grasses of moister regions, but stock accustomed 
to this region eat it with avidity. It is a very nutritious grasji and 
makes a very large growth immediately after a slight mnfall. Mr. 
Orcutt mentions that it is said to cause death to horses and cattle in 
case of stock just taken from alfalfa, but injury to range <.-attlc from 
this cAuse has not Iwen reported. Perhaps next in importance to the 
mesquite grasses are the grama grasses {Bimteloiia spp.). Boutdoua 
eriopoda, woolly -foot grama, is one of the most valuable range grasses 
, in this region, especially in southern Arizona, New Mexico, and Texa.«. 
It is a perennial, very hardy and nutritious, and is worthy of cultiva- 
tion. Several other graraa grasses are of more or less importance 
here. The blue grama, which is such an important grass on the ranges 
farther east, is not so abundant here. It occurs, however, in the 
northern part of this region, and is of great value wherevei' found, 
though not adapted to endure the extreme conditionsof heat and drought 
to be met with in many parts of this country. Six weeks" grama 
(Bouteloua arintidoides) is an annual species which has assumed consid- 
erable importance since the destruction of the letter perennial grasses 
(PI. XXIV). It springs up immediately after the summer rains, 
growing very rapidly, as its name indicates, and producing coti'sidera- 
ble feed during the autumn. Low grama {Boiitehyiui polystaehya) is 
another one of the so-called six weeks' gra.sses furnishing considerable 
forage in many places Immediately after the rainy season of this region. 
Quite a number of other species of grama grasses occur, but are less 
abundant and important than the ones already mentioned. The triple- 
awn grasses {Aristida spp.) are also of considerable importance. They 
tend to spread and replace the betterturf-forming grasses, which have 
been destroyed. When young they are quite readily eaten by stock, 
but when they have reached maturity they arc avoided by stock unless 
driven to them by want of better feed. Several .species of MuMen- 
hergia also furnish some feed in the foothills and canyons, A number 
of species of Sporobiilm ("saccaton") are of considerable impoitance 
in this region, especially Sporobolus (Tt/j>tandnis, Sporobolits airoidea, 
alkali fine top, and Sparobolm wrightii (Wright's saccaton). The lat- 
ter species is an especially robust and luxuriant bunch grass, formerly 
found in large quantities on the river bottoms of southern Arizona. 
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Fig. 2.— Range impbovement Experiment, Tucson, Ariz., 
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It is very coarse and rank, and would pr»»bal)ly not Ire touched hy 
stoek where more tender and succulent grasses were to be found, but 
here, where there may be no alternative between it and the thorny 
cacti to sustain life, it is devoured. The accompanying illustration 
(PI. XXV, fig. a) shows some of this grass after it has been graced. The 
wool grass (Pappopkorum vagmatnm), sprangle top {Lttptocldoa dn^la), 
blunt panic grass {Pmiicum obtimim)^ CMorie elegans and feather boai-d 
grass {Andropogon torreyanvs) are also species of considerable impor- 
tance. Fendler's blue grass {Poa f&ndleriana), sometimes locally 
called mutton grass, is a valuable species, occurring in the foothills 
and mountains and furnishing palatable and nutritious feed. During 
certain seasons of the year, and in some locations, plants other than 
grasses form the most important portion of the gracing. Some of 
these plants are of considerable value and worthy of serious investiga- 
tion with a view of introducing them into cultivation. Others are 
eaten only as a last resort when stock arc threatened with starvation, 
and could scarcely be classified as forage plants. To this last ojitegory 
we may refer the various species of spiny cacti, with which the heads 
of animals are occasionally found covered during periods of extreme 
drought and scarcity of food. Species of yucca, especially Yucca 
<ilata, arc sometimes browsed in cases of scarcity of better food. The 
shad scale {Atriplex canescem) and winter fat {Eiirutui lanata) are 
valuable forage plants which grow natuially here, and may perhaps 
be cultivated to advantage. The accompanying illustration shows the 
shad scale grazed and ungrajied (PI. XXVI). 

The above are some of the most important species of native gi"asses 
and foitige plant**, and where the rainfall of the region must be 
depended upon for the supply of moisture, experience indicates that 
it is to these native plants that we should look for species to grow for 
hay and pasture. The only reasonable hope for success with intro- 
troduced species is in the case of those which are brought fi"om regions 
where iimch the same climatic conditions prevail. Plants introduced 
from Central Australia and other high arid or desert regions may, 
perhaps, be grown with success, as for instance, the Austi^alian 
saltbush. Species of spineless cacti might profitably be experimented 
with here and also investigations carried on in the selection and 
breeding of spineless forms of the native species. In regard to the 
restoration of the range, where the better gi-asses have been practi- 
cally destroyed, it will be necessary to break the soil by harrowing, 
preferably with a disk hari-ow, and sowing seed of the native species. 
This sowing should l)e done about the time of the eommencemeiit of 
the summer rainy season in oider that the young plants may have the 
full benefit of the moisture supply. Stock should, of coui-se, be kept 
from these seeded areas until the grasses have had an opportunity to 
becotne firmly established. Wherever possible supplies of water 
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should be providiid at points which would not necessitate long journcyH 
on the part of atock to secure drink. IJy proper treatment ranges 
which still have a HuiEcient supply of gi-ass left to rcsced them may be 
reclaimed by disking and allowing a period of rest or by alternating' 
periods of pasture and rest, allowing the grasses to produce seed. 
Where there are facilities for irrigation there is little trouble in the 
selection of good forage plants. Alfalfa can be successfully grown in 
most portions of the region. In the Santa Cruz Valley barley is grown 
extensively for green feed and hay. Alfalfa is also an important crop 
here. The different varieties of nonsa<'cbarine sorghums and also the 
millets may be pi-ofitably produced under irrigation. 

THE PACIFIC COAST. 



Tho PjKiific Coast region, as discussed here, will l>o (confined to the 
country lying west of the Cascade and Coast Range mountains. There 
is considerable variation in the climatic conditions at various points in 
this region. For instance, near the southern pail of California the 
annual rainfall aver^es 10 inches, while on the coast of northwestern 
Washington there is a small area having an annual rainfall of 100 
inches. From San Fi-ancisco noithward, however, the differences are 
not so great, the annual precipitation varying from 30 to 100 inches. 
The rainy season in this region is during the winter, the greatest rain- 
fall occurring in December and January, with a rapid decrease of pre- 
cipitation as the spring and summer advances, so that during .Tune, 
July, and Augiist there is little and sometimes no rain. It will be 
noticed that over the greater portion of this region there is a sufficient 
moisture supply to meet the needs of most forage plants, so that it is 
only in very limited areas that arid conditions are to be met with. 
The real range lands here are quite lestricted as comiKired with those 
in the Great Itasin and Rocky Mountain region, as tliere arc extensive 
forest areas all along the coast. There are, however, frequent open- 
ings in the woodlands which are termed " pi-airies," and in many places 
open or brush-ijovered range lands in the foothills and mountains. 

The dairying industry is {>erbaps the most im|K>rtant one in this 
region. Stock growing, however, assumes considerable importance at 
certain points in California and Oregon. 

The control of the shifting sands, which are menacing and in many 
places destroying the agricultural lands at certain points along the 
coast, is a matter of great importance. 



Considerable work remains to be done here, as there has been 
oppoitunity thus far to do but a limited amount of investigation. 
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■ Mr, Leckenbv ban ^pciit considerable time in the study of the sand 
dunes on the Oregon wMist at the mouth of the Coluinliiii Kiver, and 
south as far as Seaside. Professor Scribner has also investigated the 
sand dunes in this same vicinity and at various points in California, 
especially at Loa Angeles, San Francisco, and poinU northward. The 
niost thorough and extended investigations in this region have been 
made in northwestern California, by Mr. J, Burt Davy, special agent 
of the Division. His investigations covered the region included in 
the counties of Lake, Mendocino, Humboldt, Trinity, Del Norte, and 
the western part of Si8ki}'ou. Mr. Davy made a very careful and thor- 
ough study of the conditions and problems in this region, and has pre- 
pared a comprehensive report of the whole subject, which is nearly 
read}' for the press. The writer has also done some field work in this 
region. Work was done in connection with Mr. Leckenby and Pro- 
fessor Scribner at Seaside and Oearhart where the sand dunes and the 
native sand binders were studied and quantities of seed collected. 
Work was also done in the vicinity of Portland and McMinnville, also 
at San Francisco and vicinity. Very little investigation of the ranges 
of this region has been made, except by Mr. Davy. He reports the 
ranges of northwestern California greatly deteriorated on account of 
overstocking and injudicious methods of grazing. This has been car- 
ried on to such an extent that most of the forage at present found on 
the i-ange consists of introduced plants which have taken possession of 
the land since the destruction of the native grasses and forage plants. 
Foi'tunately these introduced species have some forage value. They 
are chiefly soft chess {Srmnwf hordeaceiis), aliilaria {Erotlmm. spp.), 
and wild oats {Avena, probably A. harbata). The wild oats, however, is 
said io be much less common than formerly. Of the native grasses 
species of wild rye {Klifmus spp.), brome grasses {Sromit« spp.), hair 
grasses ( DexoJtampula spp.) wild-oat grass {Dantkonia sp.), prairie June 
grass {KtBlaria sp.), and fescues {Festtica spp.) are now to be found 
only in pi'otected situations, though they were probably, as Mr. Da\y 
points out, much more abundant formerly. Several native species of 
clover (Trifi>lliuii spp.) are also valuable for forage. The restoration 
of the ranges here, as elsewhere, must depend upon proper and con- 
tinuous treatment. Where the native grasses have been practically 
exterminated seeding with some of these or with introduced species 
adapted to the conditions will probably l>e necessary. In othei' 
instances, allowing the range a period of rest or altei'uate periods of 
grazing and rest, thus giving the plants an opportunity to produce 
seed, will produce beneficial results. Where daiiying is carried on 
cultivated forage plants are depended on lai^ly for grazing and hay. 
Oats and wheat are most extensively gi-own for hay. In western 
Oregon considenible chess {linrn/m nccal^imix) is grown for hay, also 
the ray grasses {LtiUuin. spp.). while velvet gniss {Ilolnun lanatua) is 
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abundant and has taken pustseM-sion «f many meadows. Some timothy, 
redtop. and a little alfalfa have also been g^i-own. Permanent hay 
meadows would no doubt be an advantage, however, and there is rea- 
son to believe that there would he little difficulty in securing cultivated 
grasscf! which would be successful here. Meadow oat grass {Arrkena- 
t/wrum el-atius), oi-chard gi-ass {Daetylia glomerata), meadow fescue 
{Festtica priit^ms), and i-ed clover {Trifolmm praterme) can be success- 
fully grown ai^cording to Mr. Davy. With so large a numlwr of avail- 
able gra-sses and forage plants to choose from there should be little 
difficulty ill providing pasture the year round, and this seems to lie ooe 
of the things most desii-able in order to secure the greatest sncces.-s for 
the dairying buiiines^. Soiling crops could no doubt also be grown to 
advant^e, 

Considei-ablc work has been done in the study of the sand dunes and 
the study and collection of the native sand binders. Large quantities 
of seeds and roots of the native sand hinders have been collected for 
distribution and transplanting. Seaside blue gras.i (PI, XXVII, tig. 1) 
(PiMi mucmnthn), which is abundant on the Oregon coast and which is 
veiy efficient in holding drifting sands, has been distributed to various 
places in the interior and on the Atlantic coastj where it is hoped that 
it raay he successfully introduced. Sand rye-grass {Elymus art^iariue) 
is also an excellent native sand binder. Big-head sedge {C'arex macro- 
ffpltahi) is abundant on the Oregon coast at Seaside (PL XXVIII). 
This is a plant which spreads very rapidly by running rootstocks and 
pei'forms veiy efficient service in holding the drifting .sands. Roots 
and seeds of this plant have also been collected for use in experiments 
in other Walities, where it is hoped that it may be successfully intro- 
duced, Ahr/mia latifolm and lupines are also of considerable impor- 
tance an sand binders and worthy of trial eLsewhere, 

No publication has yet been issued by the Division dealing specially 
with the woi'k done in this region. Circular No. 22 on "Gniss and 
Forage Plant Investigations on the Pacific coast," with the exception 
of a slight reference to sand-binding grasses, treated entirely of the 
work done east of the Cascade Mountains, which has already been 
referred to under the discussion of the Northwest. The results of 
Mr. Davy's work arc nearlj' ready for publication, and as they will 
treat of the diifei-ent pTOblems very thoioughly and in detail it will 
not be necessary for us to give more than the outline of the work 
which has already been given. The portions of this region lying 
between Seaside and the southern boundary of Oregon and extending 
from the coast to the mountains is in need of exploration and investi- 
gation, and will no doubt repay carefiil study. The dairying interests 
ui"e particularly important horG,.and the value, abundance, and distri- 
Ijution of the native giiisses and forage plants is little known. 
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OENE33AI. StTBTET AND BtnCUASY. 

The field work already described includes investigations which have 
been carried on in 32 States and Territories. In many of these States 
the woik has been extensive and thorough. As a result the actual 
conditions of the meadows and range lands have been ascertained; the 
various native forage plants have been collected and studied and their 
abundance, distribution, and relative value discovered. The foi-age 
plants cultivatfid in the various regions have also been studied and the 
capabilities of the regions for growing others not already grown have 
been in many instances determined. Special attention has been given 
to the causes of the deteriorated condition of the vast area^ of grazing 
lands belonging to the public domain with a view to devising means 
for removing the causes and restoring the ranges to their original 
productiveness and carrying capacity. The particular problems calling 
for most immediate attention in each region have been determined and 
steps taken towai-d their solution. Aa a result of the knowledge thus 
gained the Division is able to recommend to farmeis and stockmen in 
the various parts of the country the foi-age crops adapted to their con- 
ditions and special requirements, and also to carry on intelligently 
experiments with introduced forage plants likely to prove valuable in 
any particular i-egion. 

Not the least important results of these investigations has been the 
determination of the vast natural forage resources of the country. 
Our heritagfi in this respect has never been fully known and much leas 
appreciated. In our search for grasses and forage plants to cultivate 
we have tried many from different parts of the world, while neglect- 
ing thase all about us. There arc growing within the bounds of the 
United States over one thousand species of grasses, and perhaps one 
hundred or more other plants of sufficient forage value to justify their 
investigation and cultivation. Of course, a great many of these grasseu 
have little forage value, cither on awount of their scarcity, small size, 
or some quality which renders them unpalatable to stock. A large 
numlier of them are, however, of great value for hay and grazing pur- 
poses, and can pi-obably not besurpassed by any in the world. Because 
they are native they have l>een too often not only neglet^ted, but abused, 
and, in some cases, partially exterminated. It is certainly time we 
began to properly estimate and appreciate the great value of our native 
gmsMOs and fomge plants and take steps towai-d their (conservation. 
Experimentjj have alre&dy shown that many of these most valuable 
gras.ses take kindly to cultivation and produce much lai^r quan- 
tities of hay and pasture when a little attention is given them. The 
buffalo gi'ass, the grama grasses, blue gra8.tes, the mesquites, the 
fescues, and the wheat and rye gi-asse^, which furnish the bulk of the 
feed for the immense miinlK-rs of stock which roam over tiie public 
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lands of the great West, are of inestimable value and could not be suc- 
cessfully replaced by any impoi'tations from foreign countries. To 
discover why this is true requires no great amount of reseai'ch. 
These grasses have for ages grown under the prevailing unfavorable 
climatic conditions and have survived in the struggle for existence by 
reason of their having become adapted to these conditions. Judging 
from the wonderful feats which horticulturists have already per- 
formed in the selection and breeding of plants, there appears no 
reason why, by proper cultivation and selection, many of these native 
grasses should not be greatly improved, and in cases where they pos- 
sess chai-acteri sties which tend to interfere with their successful 
cultivation, these may no doubt be eliminated. Some of these native 
grasses are at present excluded from becoming of great commercial 
importance on account of the difficulty of manipulating the seed. 
This difficulty is frequently the result of the presence of awns or hairs 
on the floral envelope enclosing the seed. These could, by careful 
selection and breeding, be gotten rid of, Hope for any great amount 
of success with introduced forage plants is only to be realized in case 
of those brought froni regions whose climatic conditions are similar 
to Ours, In all the field work spet^ial effort has been made to call the 
attention of stockmen and ranchmen to the value of the native gr&sseft 
and to recommend means of perpetuating and increasing them. 
Investigations already carried on have demonstrated the possibility of 
restoring worn out range and pasture lands to nearly, if not quite, 
their original carrying capacity by entirely pi-actical and ecouomical 
methods of treatment in cases where the grasses have not been practi- 
cally exterminated. Where there is still present a sufficient amount of 
good grass to produce seed there is a chance for restoring the range 
without great difficulty. Allowing the range a complete rest for a 
year or two produces results which astonish one who has never wit- 
nessed the experiment. Alternation in pasturing also produces very 
beneficial results, with less loss of grazing. In following this method 
pa.stures should be so arranged that the stock can be kept from certain 
areas for a sufficient length of time to allow the grasses to mature and 
scatter their seed, or to regain the vigor of their root system, which has 
been greatly injured by close grazing and trampling. Some of the best 
grazing grasses, as the blue grama, buffalo grass, and curly mesquite, 
reproduce most extensively by means of creeping rootstocks sent out 
by the plants, while others, as in the case of the hunch grasses, depend 
largely upon their seed for propagation. Alternation in pasturing 
gives the plants an opportunity to recuperate and regain their vigor. 
Another very efficient means of improvement is the disking of the 
lange or pasture. The greatadvantageof this is that by the loosening 
of the soil the roots, which have been prevented from normal devel- 
ment by the tnmipling of the stock uTid the lack of moisture supply. 



Fig. 1.— WRIGHT'S SaCCATON ISPOFIOBOLUS WBtQKTM). IN THE SANTA CRUZ VALLEY, 

Arizona, showing bunches which have not been grazed. 

From a photograph by D. Griffllhs. 



From B phoioumpli by li, GriUiths. 
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are given a chance to grow freely. The breaking of the woil also gives 
a chance foi" the stomi waters to l>e abHorl)e,'., instead of i-apidly I'un- 
ning away over the hani surface of the .soil. That these methods are 
feasible and veiy successful has been thoroughly demonstrated by the 
work of the Division in Texa«. In ea.ses where the native gi-asseis have 
been largely destroyed, in addition to the disking it will lie Iwst to sow 
seed of the native grasses on the disked areas. These can frequently 
be secured by collecting them from pi-otected places, where the gi-asses 
have been allowed to produce seed. Along the right of way of rail- 
roads the native grasses frequently giow luxuriantly, and produce an 
abundance of seed. We believe it will not be long, however, before 
se<;d of the more important of our native grasses will be collected or 
gTOwn in commercial quantities and )>e obtainable on the market. 

FORAGE PLANTS FOR ALKALI SOILS. 

A great deal of attention has been given to the (juestion of giusses 
and forage plants adapt<'d to growth on alkali soils. There, are very 
extensive areas throughout the West over which the soil is so impreg- 
nated with mineral salts, especially those of sodium and m;^rne.stmn, 
that the majority of (cultivated forage plant-i can not be grown. There 
are, however, a considemble number of native forage plants which 
have l)ec«me adapted to the alkali soils and are able to grow upon 
them. Investigations along this line have shown that some, of these 
native plants are of suffitrient importance as forage plants to justify 
attempts toward introducing them into cultivation. This is particu- 
larly true of a numlier of the native saltbushes which are able to grow 
in soils containing lai^e percenti^jes of alkali and also to withstand 
excessive drought. Considerable quantities of seed of eight different 
spe<iies of native saltbushes were spx^ured the past season and Iwsides 
being gi-own on the exi>evimental gi'ounds at Washington they have 
Iwen dLstrihuted to the experiment stiitions of the West for (cultivation 
and trial. These plants are particularly valuable for sheep gi-azing. 
They are also relished by other stock and furnish a large amount 
of food at times when no othei" is available. Seveial other species 
of saltbusb which are native of the alkali regions of the interior of 
Australia have also been inti'odueed and grown on the alkali lands of* 
the West and Southwest. The Division has distributed considerable 
quantities of seed of these saltbnshes, especially tlie Australian saltbush 
{Atriph-J: scmUxici-atii). This has been experimented with sufficiently 
to demonstrate its adaptability to cultivatiim in the warmer portions 
of the West and Southwest. Winter fat (Knritilii hiuiitii) is another 
valuable forage plant which flourishes in alkali soils from Montana to 
Arizona. A number of grasses of considerable valne als«i grow upon 
these alkali soils. Those which grew where the greatest amount of 
alkali is present arc, however, not palatable to st<ick and are eaten 



58 FIKLD WORK OF DIVISION OF AGROSTOLOGY. 

by them only when lictteu forage is not availiible. tjuite a number 
of the better native grasses tolerate a t^onsideiuble amount of alkali and 
l>y (cultivation and Kele(ction could no doulit be made to withytand 
greater quantities. 

8AND AND SOIL BINDF.RS. 

As mentioned in discussing the variou.s i-egions, considerable work 
has been done in investigating the sand and soil binding plants of the 
country. It ban been found that we liave a considerable number of 
excellect species of great value for thin purpose. Besides the beach 
grass {AimiwphiJa anmai'la), sand rye gni&'s {Elymus arenariu«), bitter 
panic grass {I'lfuu'iiiinaiiafiuii,), creeping panic grass {Panieum repeiiK), 
and the sea oats {ITnloln pttmntdjita) of the Atlantic and trulf coastw, 
we have seaside blue grass {P<m mitcnuiilia) and -several rye grasses on 
the Pacili<c coast and along the Columbia River. There are found 
growing in the int(M'ior also several impoi-tant sand and soil binders, 
Redfield's grass {RriJjirldia fifxuoia) is one of the best of those found 
growing in the interior. It is a native of the sand hills of western 
Nebnwka and Kansas. Indian m\\\e.t {Orysojmis r(«/w/aia), sand gras.'s 
{CitlniMmilfa hiujifiilui), reed grass {Phraf/mlUit tmi^aris), reed 
canary gntss {Pluihirh arumlhi-ocfa), big <«rd grass {SpaHina <!t/ito- 
suroitlen), blunt panie grass {Panicum fibtusum), Johnson grass 
{Avfrtijxf/on lialejieii»iii), and Vasey's needle gi-ass {Stipit t^^uiey)) are 
important soil l»indei'M adapted to use on railway or river eml»ankment«, 
along ditches, or in other pla(ces where it is desirable to prevent the 
wiishing of the soil. Ijarge (juantities of seeds and roots of many of 
these species ha\e been collected and distributed to various platM^s for 
propagation and testing. In the case of the sand bind(si-s it has been 
found best to transplant the roots, as the sands frcfpiently shift so 
rapidly that plants grown from seed are destroyed l>efore they have 
made sufficient growth to be effective, 

HPECIMBNS ^»X!URHI>. 

An attempt has )>een made in connection with the field work to 
secure herlwriuin specimens of all the grasses and forage plante met 
with, in order that material may be at hand for study and comparison, 
for illustrative puiposes, and for use in identifying the plants which 
are constantly lieingsent from different pivrts of the country. About 
25,0<)0 sixM'imens have been secui-ed by the Division force and Held 
agents. Of these, altout !l,OnO have lieen iidded to the eolletrtion of the 
Department and tlie greater portion of the remainder distributed in 
exchange to the larger hcrliaiia of the universities, botanical gardens, 
and experiment sfaitions, not only in this country but thioughout the 
woild. In this way it has been possilile to secure material, l>oth speci- 
mens and seeds, of a great miin\- foreign grasses and forage plants. 
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The study of these ciolleetion.'* has resulted in the discovery of atx>ut 
75 species of grasses which had not before l>een described. The vari- 
ous bulletins containing studies on Auierican grasses have been based 
in great part upon the study of these large collections. In fact, nearly 
all the publications of the Division are based either directly or indi- 
rcfitly upon the tield work which hax been done. 

Besides the collection of speiiiinens, a collection of seeds of the native 
gi-asses has been made a very important feature of the field work, 
especially during the past two seasons. Recognizing the great value 
and importance of the native forage products, special efforts have 
been made to show the possibilities in the way of cultivation and to 
encourage the production of seed by seedsmen. This will no doubt 
be done a« soon as thei-o iw a sufficient demand for them. During the 
past season over four tons of weed of native grawse.-: and forage plants 
were colletitcd and distiibuted. As these seed were nearly all col- 
lected by hand, the amount of lalwr required may he appreciated, 
lleside.s the specimens and seeds, roots and sheaves have al.so been col- 
lected in (juntitity. In some cases it is impractica)>lc to secure seed of 
a desirable plant, and in sucii cases i-oots were taken up and forwarded 
to various points for fci-ansplanting. Buffalo gi-ass {Biilhilix tlncty- 
hn'tlen), Bermuda grass {Oynoilim ihwtylmi), Texas blue grass {/W 
aritvhiilfura), and others have >)een established and propagat<'d at 
various places in this way. The sheaves have preveii very useful for 
~pui"pos<;s of illustmtion and exhibition. A large collection was on 
exhibition at the Paris Exposition, and a collection has also l>een sent 
to the l*an-Ameri(avn Exposititni. Another \ery interesting and 
importamt I'esult of the work has been the securing of photographs 
illusti'ating all features of the work. In the neighborhood of a thou- 
sand negatives have thus been obtained. These are invaluable^ for 
illustrating the various publications of the Division. Fi'om thcni a 
series of lantern slides has also been made for use in connection with 
lectures and vaiious features of the Division's work. 

CONTROL OF GRAZING LANBS. 

In the following pariigraphs a brief account is given of the vai'ioua 
methods adopt*'d in other countries for controlling the public gi-azing 
lands. These may prove helpful in devising some method of control- 
ling our own gi-.izing lands. 

TIIR AUSTRALIAN SYSTEMS. 

An examination of the methods pursued liy the different Australian 
colonies in the manageinont of theii' grazing lands may Iw of interest 
and l)cnelit in this connection. Tliore are vast portions of the interior 

of Australia where, on account of an insufficient supply of moisture, 
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grazing is the chief industry. The conditions that pievwil are in many 
respects similar to those obtaining throughout portions of our sciiii- 
arid West. During the early settlement and development of the Aus- 
tralian colonies attempts were made to restrict the owupation of the 
country to certain ai-eaa adjoining the coast settlements. As the pop- 
ulation increased, however, and the development of the stock industry 
liegan, there was a gradual pushing beyond these boundaries into the 
vast interior. As the government at this time had made no provision 
for granting right or title to these lands, the pioneer stockmen, who 
were the first to occupy the (.■omitry, were termed "squatters." Soon 
after the occupation of the grazing lands by squattei's, difficulties ai-oae 
similar to those which at present confront us. The government, how- 
ever, began to devise means for disposing of these lands. The laws, 
however, were at first based upon an insufficient knowledge of the 
countiy and its requirementa and did not always produce the desired 
results. At first in New South Wales plam; were made for selling the 
land at a nominal figure. This was soon stopped, however, as the 
demand for land became so great and the alienation of lai^e aixsas of 
the most valuable tracts was so rapid and led to so many troubles that 
the plan was abandoned. Selling lauds at au<rtion was also tiied. 
These schemes proved unpopular and unsuccessful, largely because the 
land had not been properly classified. Later, various plans for renting 
the gi-azing lands were tried. Their first efforts along this line were 
not always successful, and frequently led to fraud and injnatiee. While 
they do not yfet claim to have secured an entirely satisfactory arrange- 
ment, still the present method is far superior to no method, and the 
experiments and experiences which they have had may be of great 
value to us. The giBzing lands are rented at present in areas ranging 
from 3,560 to 10,240 acres for a period of fifteen yeara. The tenant 
is obliged to make improvements, such as fences or some other equiv- 
alent. At the expiration of this lease an extension may be gi-anted if 
it is considered bj' the land board that the range has Iwen benefited by 
the occupation. The rents are appraised by local land boards every 
five years, Prefei-ence is given actual residents in the lease of areas. 
lying ne;ir their pi-operty. Land of inferior chai-acter may be leaseil 
at auction. 

In Victoria a plan of licensing the grazing of stock at a certain rate 
per head was tried. This, however, did not prove satisfactory, and 
later the plan was changed and provision made for renting the range 
lands, according to their estimated value based upon their carrying 
capacity, computed at the rate of 8d. per annum for sheep and 2s. per 
head for cattle. Tracts as at present leased vary in size from 7,500 to 
40,(K)0 acres. No person is allowed to hold moie than one tract. If 
more than one application is made for renting the hmd, it is put up at 
auction. No lessee is allowed to stssigii or tnuisfer his lease without 



Plate XXVII. 



Fig, 1,— Seaside Blue Grass (Poa macrantha). 

From ■ photograph taken nem Morrison, Oregon, by A. B. Lectenby. 1 



FiQ. 2.— Collecting Seed of Seaside Blue Grass near Morrison, Oregon, 

From a photograph by A. B. Lockeiihy, li-Hii. 
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consent from the department having charge of the land. At p;-csent 
in Victoria the rental for the grazing lands is fixed by " valuers." 
The system as at present in operation in Victoria is said to have pro- 
duced very satisfactory results. 

In Queensland and Western Australia various Diethods similar to 
th«xse tried in the other colonies have l)cen in vogue at different times. 
Here as elsewhere the present plans are some modification of the lease 
system, the plans for the alienation of the land having been abandoned, 
as they have proved detrimental to the development and prosperity of 
the country. 



Though the grazing lands of the Dominion are far less extensive 
and important than out's, still provision has been made for their con- 
trol. The governor in council has authority to grant leases of unoc- 
cupied Dominion lands fi-om time to time to any person or persons 
for such a tcnn of years and at such a rent as may be deemed expe- 
dient, with the condition that if it is thought best by the Mini.ster of 
the Interior to offer the land for settlement he may, on giving the 
lessee two years' notice, cancel the lease at any time during ifcj term. 



The public lands within tiie State of Texas are entirely imder hei' 
control. The commissioner of the general land office of the State has 
charge of the land. The public lands are carefully and skillfully clas- 
sified and valued and plats prepared. Provision is made for the sale 
of grazing lands, not to exceed four sections to the same settler, at a 
price not less than $1 per acre, but the purchaser must settle on one 
of the sections. The grazing lands arc leased at not less than 3 cents 
per acre, the period of lease to be not more than five years. Formerly 
the possible period of lease was ten years. The person occupying the 
land has preference in re-leasing. Land may be advertised and let to 
the highest responsible bidder in such quantities and under such regu- 
lations as the commissioner may think best. Notwithstanding objec- 
tions on the part of some to different phases of the Texas lease system, 
it seems to have proven fairly successful, and is certainly much 
preferable to no system at all. 



In Colorado and other States the lease system has been applied to 
the school lands with very satisfactory results. The laige ti-acts of 
land granted to the transcontinental railways, including in some 
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iii«tanc«s a strip 40 iiiilos wide mid covering largo arejia of gniz'mg 
land, are being leaded liy the coiporations. It will l>e seen from the 
foregoing that different (tountricy, States, and (Corporations having 
poHsesaion of grazing lands have found leasing to be the most pi-ac- 
tical and advantageous method of eontrolling them. 

The true measure of the success of any system of control is not the 
amount of ineome in doUai'sand (rents derived caeh year, but the i-esults 
to the grazing lands themselves and the genei-al develoi)ment and pros- 
perity of the country. The funds arising from the lease of the hinds 
might lie very profitably used in developing the irrigation resouites 
of the semiarid region. 

8UOOK8TIONS KOK FURTHKK WOKK. 

As will Ih! noted from the preceding account, the greatest and most 
important investigations of the Division are necessarily based upon 
field work. The various problems can not be studied successfully 
except under the natural conditions prevailing in the different regions. 
Thei-e arc yet various phases of the work of the division, both scien- 
tific and economic, which require careful field observations and inves- 
tigations. While from the work already done we are familiar with 
the condition of the ranges over considerable areas during eei-tain sea- 
sons of the year, still it is dc^jii-able that a thorough knowledge of the 
conditions should be asfiortained at different seasons. Investigations 
thus far have been carried on chiefly during the summer. In older, 
however, to get an adequate idea of the grazing lands, they should 
also he observed and studied during the Hi)ring and late autumn. An ' 
examination made during the most unfavorable season is apt to lead to 
an incorrect estimate of the capacity of the range, while an examina- 
tion made when the range is at its best naturally leads to an eri'or in 
the opposite direction. , 

The questions concerning the relation of gnizing to the forests and 
water supply are still in need of considerable studj', as conclusions 
baised u])on work carried on in one region may be entirely inapplicable 
to another. These problems are already being studied by the forest- 
ers and others interested in those subjeets, but there is also need of 
careful work with special reference to the methods and manner of graz- 
ing those areas and the plants which furnish the forage. This work can 
no doubt be most economically and advantageously carried on in con- 
nection with the Division of Forestry. Aside from the special prob- 
lems there are lai^e ai-eas of grazing lands in the West which have 
never Iwen examined by our field woikers. No work has been carried 
on by the Division in Nevada, and the greater portions of Arizona 
and New Mexico have never been studied. Little in the way of accu- 
rate observation has been done on the grafting lands and conditions in 
portions of California, Oregon, and Idaho. There are also special 
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Fig. 2,— Sand Dune meld bv Seaside Blue Grass (Poa 
Seaside, Oregon. 

Frum H phoit^mph by F. LamBOU-Scribuer. V 
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prohleiiiis in New England and the Southern tiiid Central States which 
are in need of iraieful field study. 

There is also need of a muL-h moi-e careful and accui-ate study of the 
various speeioa of native grasses in the field. The dried speuiiiicns, 
which are prepared for the herbai'iuui, are very valuable for study 
and comparison, but they do not retain all the chai-acteristics which 
arc necessary to a full and satisfactory knowledge of the plants. It is 
gradually beeomitig recognized by students of plants that in order to 
obtain a thorough and accurate knowledge of the species they must 
be studied in the living state, growing under natural conditions and in 
their natural environment. Descriptions . of species in oi^der to \k 
accurate and have the greatest scientific value should be made from 
the living, growing plant in situ. Drawings and iliustrntions should 
also be made from the same material. Grood photographs aro also very 
valuable for illustrating the habits of growth of various species. 

Notwithstanding the great amount of literature published and widely 
(listriliuted each year by the Division there seems to be a large num- 
ber of people who should naturally be interested in and l>enefited by 
the work done who are not reached by this means. A plan somewhat 
similai' to that adopted by the Division of Foiestiy would, no doubt, 
greatly inci'case the usefulness of the work. This is the giving of lec- 
tures on <|uestions relating to grasses and forage plants at the various 
points visited by field workers. These lectures or talks, illustrated 
by stisitiopticon views, would bring much more forcibly to the atten- 
tion of the people the various pi"obiems and itiethods of dealing with 
them. Under the stbnulus of such dii-ect and individual contact much 
greater and more important and beneficial results would be secured. 
Direct assistance and advice in the solution of any of the prol»lems 
which present themselves would be a great advauttvgc and result in 
greatly widening the field of influence and the practical importance of 
the work. The moie closely we come in contact with the people who 
are struggling with the various foi-age problems the gicater benefit will 
be derived by both. This contact will also promote a nuilual under- 
standing which will lead to a better appreciation of the difficulties to 
be overcome and a more thorough symjmthy and coopei'ation in the 
work. ' 
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face- 

Abronia laUfoIU M 

Appopyron occldentale 23, ST. 40 

repenii « 

Rplpatum S5, 10 

!<pp 30,S3,S5 

lenenim 23.30,S7,40 

Alfalfa 20,26.34,82,51 

Allilaria 58 

Alkali tine lop 60 

meadow grew 29,38 

AlopecuruH oceidentalie 35 

prat«tulB 21 

Alpine timothy....'. 29,35 

AWke clover ifl, 21 

AndriHf^on 28 

halepeneie !ig 

occidealalig 24 

torroyanus 51 

Arinida spp 27, 29, SO 

A rrbenathenmi ?lHtlu> 54 

Aatra^loa canadeiulji. ...............,..^.. 21 

Atiiplex canenceiiB 51 

Aivnleas btome enuR 26,40 

Beard gnusea 24 

Bearded iv hea [ grnsji 21 

Bermuda graw 18,58 

BigWue-Mem 21 

cord^raaa ,..--„,.,„ 6B 

hend xed^ ..,......,.,,.,. 54 

Blgcloviaspp 30 

Bitler panic gra-ti : 18,58 

Black grama 50 

Blue grama 25,29,37,40.68 

grawcB 35 

joint 21,36 

Blurt panic gran .*. 51, 5S 

Bouteloua artsMdoldes 60 

eurttpendula -S, 

eriopoda W 

1923— No. 26 5 



I this bulletin, arranged HlphabeUnilly'aud irUh 

Bouteloua hliBula 29 

oligoelacliyH 2S.2»,40 

polyBlachya 50 

epp 30,80 

Brome gran 63 

maiglnatus 35,37 

polyanthus panieulatus 48 

pumpellinnns 30.35 

■ecalinus 53 

SPP 53 

Broom-Tom millet 21 

Buck brush SO 

Buffalo grBM 25, ,15, 511, 60 

Bulbflis 26 

dactyloiden 2.i,Se 

BulboQE paniegrawi........................ 47 

Bunch grass 21 

16 

"Bllolia 58 

leweed 21 

29 

Carpel grwH 16 

Chera 53 

Chlorls elegaos 51 

Clover 53 

Ciiwpeas 17,26 

Crab grass 17 

Creeping panic grass 58 

Crimson dover 21 

Crotolaria sagittalls 21 

Curly mesquile 49.5S 

Cynodon daflylon 59 

Dnctylfs Rlomerala 54 

Dalen alopecuroides 21 

Danlhonia Bpp 63 

Dciineu Kwns 21 

Deschampsia ciespltosa "29,80 

SPP 5» 

Distich If s spicata 30 

Eatonhi • 26 

Elcoch«rl« 29 
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